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Environmental   Assessment 

G e n t i a n   V i o l e t   i n  Animal Feeds 

I. D e s c r i p t i o n  of the!  Proposed  Action 

A .  Proposed   ac t ion   and   r egu la to ry   au tho r i ty  

The Food and  Drug Admin i s t r a t ion ' s   (FDA's )   Cen te r   fo r   Ve te r ina ry   Med ic ine  
( C e n t e r )  is  p r o p o s i n g   t o   d e c l a r e   g e n t i a n   v i o l e t  a food   add i t ive   and  a new 
animal  drug when added  to   animal   feed.   This   proposal   would  revoke FDA's 
i n t e r i m   p o l i c y   t h a t   s a n c t i o n s   t h e   u s e  of g e n t i a n   v i o l e t  a t  up t o  8 p a r t s  
p e r   m i l l i o n  (ppm) as a mold i n h i b i t o r   i n   p o u l t r y   f e e d .   T h e r e  are c u r r e n t l y  
no approved   u ses   o f   ge ln t i an   v io l e t   i n   an ima l   f eed   and   t he re fo re   t he  
p roposed   ac t ion ,   i f   imp lemen ted ,   wou ld   p roh ib i t   t he   u se  of g e n t i a n   v i o l e t  
i n   a n i m a l   f e e d   u n t i l  a f o o d   a d d i t i v e   r e g u l a t i o n   € o r   s u c h   u s e  i s  promulgated 
by the   agency   o r  a new a n i m a l   d r u g   a p p l i c a t i o n   f o r   s u c h   u s e  is  approved by 
the  agency.  

T h i s   a c t i o n  is  be ing   taken   because   the  FDA h a s   d e t e r m i n e d   t h a t   g e n t i a n  
v i o l e t  i s  n o t   g e n e r a l l y   r e c o g n i z e d   a s   s a f e  (GRAS) and i s  a f o o d   a d d i t i v e  
s u b j e c t   t o   s e c t i o n   4 0 9  of the  Federal   Food,   Drug,   and  Cosmetic  Act ( t h e  
a c t ) ,  21 U.S.C.  348,  and is no t   qene ra l ly   r ecogn ized  as s a f e  and e f f e c t i v e  
as an animal  drug  and is a new a n i m a l   d r u g   s u b j e c t   t o   s e c t i o n  512 of t h e  
act .  

B. Under ly ing   pu rpose   and   need   fo r   t he   p roposed   ac t ion  

G e n t i a n   v i o l e t   ( m e t h y l r o s a n i l i n e   c h l o r i d e )  i s  a m i x t u r e   o f   c r y s t a l   v i o l e t  
(hexamethylpararosaniline c h l o r i d e )   a n d   m e t h y l   v i o l e t   ( p e n t a m e t h y l r o s a n i -  
l i n e   c h l o r i d e ) .   T h e s e  compounds b e l o n g   t o  a class o f   d y e s   r e l a t e d  by 
m o l e c u l a r   s t r u c t u r e  kn'own as di-  and t r iaminophenylmethanes.   Gent ian 
v i o l e t  U.S.P. must  be i3t  least  9 6 %   c r y s t a l   v i o l e t .  

S ince   t he   1960s ,   gen t i . an   v io l e t   has   been   marke ted   fo r   u se   i n   i nh ib i t i ng  
mold  and fungus  growth i n  animal  feed. The FDA has   never   approved   any  
p r o d u c t   c o n t a i n i n g   g e n t i a n   v i o l e t   f o r   u s e  in a n i m a l   f e e d .   I n   t h e   p a s t ,   t h e  
FDA h a s   s t a t e d   t h a t   g e n t i a n   v i o l e t  is n o t   g e n e r a l l y   r e c o g n i z e d  as s a f e  
( G U S )   f o r   u s e   i n   a n i m a l   f e e d  and t h a t  i t  would require   an  approved  food 
a d d i t i v e   r e g u l a t i o n  o r  new a n i m a l   d r u g   a p p l i c a t i o n   b e f o r e   t h e   s u b s t a n c e   c a n  
be  marketed for animal  use.  The FDA h a s   t a k e n   r e g u l a t o r y   a c t i o n   a g a i n s t  
g e n t i a n   v i o l e t  o r  the   f i rms   marke t ing   gen t i an   v io l e t   wheneve r   t he   agency  
became aware t h a t   t h i s   s u b s t a n c e  was be ing   marke ted   for   use   in   food  
animals .  The FDA's p o s i t i o n   t h a t   g e n t i a n   v i o l e t  is n o t  GRAS f o r   a n y   u s e   i n  
food   an imals   has   been   upheld   in   severa l   cour t   op in ions  or o r d e r s   ( s e e ,   f o r  
example ,   Uni ted   S ta tes   v .  Naremco, Inc . ,  553 F. 2d 1138  (8 th  Cir. 1977)) .  

I n   t h e  FEDERAL  REGISTER of  March 30, 1979 ( 4 4  FR 190351,  the FDA denied  a 

permit t h e  safe use  of g e n t i a n   v i o l e t .   I n   d e n y i n g   t h e   p e t i t i o n ,   t h e  FDA 
J f o o d   a d d i t i v e   p e t i t i o n   t h a t   p r o p o s e d   t h e   e s t a b l i s h m e n t  of a r e g u l a t i o n  t o  

( I  
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s t a t e d  i t s  c o n c e r n s   a b o u t   t h e   s a f e t y   o f   g e n t i a n   v i o l e t  ( i-e. ,  i ts  p o t e n t i a l  
c a r c i n o g e n i c i t y ,  i t s  s imilar i ty  i n   c h e m i c a l   s t r u c t u r e   t o  known animal  
carc inogens ,   and  i t s  g e n e t i c   t o x i c i t y   i n   s e v e r a l   i n   v i t r o  and i n   v i v o  
a s says ) .   Based   upon   t hese   conce rns ,   t he  FDA c o n c l u d e d   t h a t   g e n t i a n   v i o l e t  
was not  shown t o  be s a f e   f o r  u s e  as an   i ng red ien t   o f  anJ.ma1 f eed   and   t ha t  
anyone  wishinR t o  marke!t t he   subs t ance   wou ld   need   t o   e s t ab l i sh  i t s  s a f e t y  
b e f o r e   t h e   s u b s t a n c e   c o u l d  be l e g a l l y   s o l d .  

However, i n  1981, i n  a case i n v o l v i n g  a g e n t i a n   v i o l e t   p o u l t r y   p r e m i x ,  a 
j u r y   d e c i d e d   t h a t   g e n t i a n   v i o l e t  was indeed  GRAS when used as a mold 
i n h i b i t o r  a t  not  more t h a n  8 ppm i n   p o u l t r y   f e e d s   a n d ,   t h e r e f o r e ,  was no t  a 
food   add i t ive   w i th in   t he   mean ing  of t h e  act  ( s e e   U n i t e d   S t a t e s  V. Article 
of Food ... Gent ian  V i a s ,  No.  C78-63G (N.D. Ga. A p r i l  15 ,  1981)) .  

Because  of t h i s  f ind ing: ,   the  FDA d e c i d e d   t h a t  i t  wou ld   no t   t ake   fu r the r  
r e g u l a t o r y   a c t i o n  against t h i s   u s e   o f   g e n t i a n   v i o l e t ,   e v e n   t h o u g h   t h e  FDA 
c o n t i n u e d   t o   t h i n k   t h a t   g e n t i a n   v i o l e t  was not  GRAS f o r  u s e  i n  food 
an imals .  The FDA announced t h i s   d e c i s i o n   i n   t h e  FEDERAL REGISTER o f   J u l y  
27,  1982 (47 FR 21480)   and   s ta ted   tha t  i t s  d e c i s i o n   i n  no way a u t h o r i z e d  
any   o the r   u se   o f   gen t i an   v io l e t   i n   food   an ima l s .  In t h i s  announcement the 
FDA a l s o   s t a t e d   t h a t  i t .  had  commissioned  s tudies   to  test t h e   s a f e t y  of 
g e n t i a n   v i o l e t  and. t h a t  i t  would  re-evaluate  i t s  p o s i t i o n   o n   g e n t i a n   v i o l e t  
when t h i s  new evidence  became a v a i l a b l e .  

The FDA has   r ece ived   r epor t s   f rom  the   Na t iona l   Cen te r  f o r  T o x i c o l o g i c a l  
Research (NCTR) f o r   s e v e r a l   s t u d i e s   t h a t   t h e  NCTR c o n d u c t e d   t o  tes t  t h e  
s a f e t y  o f   g e n t i a n   v i o l e t .  The s t u d i e s  by t h e  NCTR d e m o n s t r a t e   t h a t   g e n t i a n  
v i o l e t  is a c a r c i n o g e n   i n  mice and t h a t   s i g n i f i c a n t   r e s i d u e s  of g e n t i a n  
v i o l e t   o c c u r   i n   t h e   e d i b l e   t i s s u e s  o f   c h i c k e n s   f e d   g e n t i a n   v i o l e t .  The FDA 
has  reviewed  these NCTR. s t u d i e s  and   concur s   w i th   t he   f i nd ings .  

T h e r e f o r e ,   t h e  FDA h a s   r e - e v a l u a t e d   t h e   p r i o r   p o s i t i o n   s a n c t i o n i n g   t h e   u s e  
of  up t o  8 ppm g e n t i a n   v i o l e t   i n   p o u l t r y   f e e d  as a mold i n h i b i t o r   a n d  
c o n c l u d e s   t h a t :   1 )   g e n t i a n   v i o l e t  is  not  GRAS f o r   t h i s   u s e ,  2)  t h i s  
s u b s t a n c e  is  a f o o d   a d d i t i v e  when u s e d   i n   p o u l t r y   f e e d  as a mold i n h i b i t o r ,  
and 3 )  a l l  u s e  o f   g e n t i a n   v i o l e t   i n   p o u l t r y   f e e d  must s t o p   u n t i l   s a f e  
c o n d i t i o n s  of i t s  u s e  can be i d e n t i f i e d  and a f o o d   a d d i t i v e   r e g u l a t i o n  
promulgated  or a new an ima l   d rug   app l i ca t ion   approved .  

11. Environmental   Consequences of the  Proposed  Act ion 

A. Use f o r  which  sanction  would  be  revoked 

Hagler   (1983)   and  Tindal l   (1983  a&b) l i s t  s e v e r a l   m e t h o d s   f o r   p r e s e r v i n g  
f e e d   i n g r e d i e n t s   a n d   t h e y   a l s o   b r i e f l y  summarize the   need   for   and  uses of 
p r e s e r v a t i v e s ,   e s p e c i a l l y  mold i n h i b i t o r s ,   i n   a n i m a l   f e e d s .   P r o p i o n i c  
a c i d ,  a n a t u r a l l y   o c c u r r i n g   v o l a t i l e   o r g a n i c   a c i d ,  would   appear   to   be   the  
main  chemical  used as a mold i n h i b i t o r   i n   a n i m a l   f e e d s .   O t h e r   n a t u r a l l y  
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o c c u r r i n g   o r g a n i c   a c i d s   ( e . g . ,   b e n z o i c   a c i d ,   s o r b i c   a c i d )   a n d   t h e  salts of 
t h e s e   a c i d s  (e.g., ca l c ium  p rop iona te ,   sod ium  benzoa te ,   po ta s s ium  so rba te )  
are a l s o   u s e d   a l o n e ,  or i n   v a r i o u s   c o m b i n a t i o n s ,   t o   p r e s e r v e   a n i m a l   f e e d s .  
G e n t i a n   v i o l e t  is l i s t e d  by T i n d a l l  (1983a) f o r   u s e   o n l y  as a mold 
i n h i b i t o r   i n   p o u l t r y   f e e d .  

The proposed   ru le ,  when f i n a l i z e d ,  would  no l o n g e r   a l l o w   t h e   u s e   o f   g e n t i a n  
v i o l e t   i n   p o u l t r y   f e e d ,   u n t i l   s n c h  time as the   chen ica l   can   be  shown to be 
s a f e  when u s e d   i n   t h i s   m a n n e r .   G e n t i a n   v i o l e t  is on ly   one   o f   s eve ra l  
c h e m i c a l l y   a c t i v e   i n g r e d i e n t s   t h a t  are c u r r e n t l y   b e i n g   u s e d   i n   p r o d u c t s  
marketed as mold i n h i b i t o r s   f o r   a n i m a l   f e e d s   ( H a g l e r ,  1983; T f n d a l l ,  
1983 a i b j .   S e v e r a l   o r g a n i c   a c i d s  and t h e i r   r e s p e c t i v e  salts are a l r e a d y  
l i s t e d  by t h e  FDA as GRAS items tha t   can   be   u sed  as a gene ra l   pu rpose   food  
a d d i t i v e   o r  as a c h e m i c a l   p r e s e r v a t i v e  (21 CFR 582 B and  D).   Therefore,  i t  
c a n   b e   e x p e c t e d   t h a t   t h e   o t h e r   c h e m i c a l s   a l r e a d y   u s e d   f o r  t h i s  g e n e r a l  
purpose ,   such  as t h e   o r g a n i c   a c i d s  and t h e l r  salts  ( e s p e c i a l l y   p r o p i o n i c  
acid  and i t s  sal ts ,  sodium  propionate   and   ca lc ium  propionate) ,  w i l l  
s u b s t a n t i a l l y   r e p l a c e   t h e   e x i s t i n g  u s e  of g e n t i a n   v i o l e t   i n   p o u l t r y   f e e d .  

B. Magnitude  of   use  for   which  sanct ion  would  be  revoked 

The i n t r o d u c t i o n s  o f   chemica l s   i n to   t he   env i ronmen t  w i l l  t h e r e f o r e   b e  
a f f e c t e d  by t h i s   p r o p o s e d   r u l e .  The manufac ture ,   use ,   and   d i sposa l   o f  
p r o d u c t s   a n d   p o u l t r y   f e e d   c o n t a i n i n g   g e n t i a n   v i o l e t   c u r r e n t l y  result  i n  
r e s idues   o f   t h i s   chemica l   be ing   i n t roduced   i n to   t he   env i ronmen t .  The 
magn i tude   o f   t he   u se   o f   gen t i an   v io l e t   i n   pou l t ry   f eeds  w i l l  t h e r e f o r e  be 
e s t i m a t e d  so t h a t   t h e   p o t e n t i a l   i n c r e a s e   i n   e n v i r o n m e n t a l   i n t r o d u c t i o n s  of 
t h e   p r o b a b l e   c h e m i c a l   r e p l a c e m e n t   f o r   t h l s   u s e   o f   g e n t i a n   v i o l e t   i n   p o u l t r y  
f e e d s ,   p r o p i o n i c   a c i d ,   c a n   t h e n  be  approximated. 

After c o n v e r s a t i o n s   w i t h   p o u l t r y  farmers, m a n u f a c t u r e r s ,   u n i v e r s i t y  
r e sea rche r s   and  USDA o f f i c i a l s ,   t h e  FDA a s s e s s e d   t h e   e c o n o m i c   e f f e c t s  
a t t r i b u t a b l e  t o  t h e   p r o p o s e d   r e g u l a t i o n  (FDA, 1986). The f o l l o w i n g  
assumpt ions  are p e r t i n e n t   t o   e s t i m a t i n g   t h e   m a g n i t u d e   o f   u s e   f o r   g e n t i a n  
v i o l e t  or i t s  rep lacemen t s   and   t hese   a s sumpt ions  were e i t h e r   t a k e n   d i r e c t l y  
f r o m ,   o r   d e r i v e d   f r o m ,   d a t a   p r e s e n t   i n   t h e  December 5, 1986, FDA economic 
th re sho ld   a s ses smen t  (FDA, 1986). 

1. From abou t  30% t o  60X of a l l  p o u l t r y   f e e d s  are now r o u t i n e l y  mixed 
t o g e t h e r   w i t h  mold i n h i b i t o r s .  

2. The s h a r e   o f   t h i s  mold i n h i b i t o r   m a r k e t   f o r   g e n t i a n   v i o l e t   r a n g e s   f r o m  
about  10% ' to 40% of that  t o t a l  (i .e.,  from 3% t o  24% of a l l  p o u l t r y   f e e d s  
are r o u t i n e l y   t r e a t e d   w i t h   g e n t i a n   v i o l e t ) .  

3. About 35 m i l l i o n   t o n s   o f   p o u l t r y   f e e d s  are manufactured  each year i n  
t h e   U n i t e d   S t a t e s .   [ T h i s  estimate was based  upon U.S .  p o u l t r y   p r o d u c t i o n  
f i g u r e s  (USDA, 1986) and pou l t ry   f eed   consumpt ion   f i gu res .   Th i s  estimate 
of 35 m i l l i o n   t o n s   a g r e e s  w e l l  w i t h   t h a t  of 36.3 m i l l i o n   t o n s  by Mr. Dennis 
Jackson  of   Cambridge  Products   Ltd. ,  a manufac turer   o f  mold i n h i b i t o r s ] .  
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4 .  Mold  inhibdtor  products  containing  gentian  violet  contain 1.6% of  this 
chemical  as  the  active  ingredient. 

5. Products  containing  propionic  acid  will  be  the  most  common  replacement 
for  gentian  violet  and  these  products  commonly  contain  about 50% propionic 
acid  as  the  active  ingredient. 

6. Mold  inhibitor  products  will  be  used  at a uniform  rate  of 1 lb 
product/ton  of  poultry  feed.  [Propionic  acid  use  rates  of  up to 2-3 
lbs/ton  may  be  needed  when  feeds  have a  high  moisture  content]. 

Calculation: 

Assumption 2 (3% to 24X of  poultry  feeds  treated  with  gentian  violet) 
35 million  tons/yr X 3% = 1.05 million  tons/yr  treated  with  gentian  violet 
35 million  tons/yr X 24X = 8.4 million  tons/yr  treated  with  gentian  violet 

Assumption 6 ( 1  lb  product  with  gentian  violet  used  per  ton  of  feed) 
1.05 million  tons/yr X 1 lb  product/ton = 1.05 million  lbs  product/yr 
8.4 million  tons/yr X 1 lb  product/ton = 8.4 million  lbs  product/yr 

Assumption 4 (products  contain 1.6X gentian  violet) 
1.05 million  lbs  product/yr X 1.6% = 16,800 lbs  gentian  violet/yr 
8.4 million  lbs  product/yr X 1.6% = 134,400 lbs  gentian  violet/yr 

C. Magnitude of the  replacement  use 

Use  of  the  same  procedure  (with  the  replacement of Assumption 4 with 
Assumption 5 )  allows  for  an  estimate  of  the  range  of  possible  additional 
use  of  propionic  acid  that  could  result  from  the  substitution  of  propionic 
acid  for  gentian  violet  in  poultry  feeds. The  potential  increased  use  of 
propionic  acid  therefore  ranges  from 0.52 million  to 4.2 million  lhs/yr. 

Calculation: 

As above,  except  Assumption 5 replaces  Assumption 4 

Assumption 5 (products  with  propionic  acid  contain 50% active  ingredient) 
1.05 million  lbs  product/yr X 50% = 0.52 million  lbs  propionic  acid/yr 
8.4 million  lbs  product/yr X SOX = 4.2 million  lbs  propionic  acid/yr 
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D. S i g n i f i c a n c e   o f   p o t e n t i a l   s h i f t   i n   c h e m i c a l   i n t r o d u c t i o n s  

The   magni tude   o f   these   p resumed  changes   in   the   annual   use   (and   po ten t ia l  
e n v i r o n m e n t a l   i n t r o d u c t i o n s )   o f   g e n t i a n   v i o l e t   a n d   p r o p i o n i c   a c i d   i n   t h e  
U n i t e d   S t a t e s   a l s o   n e e d s   t o   b e   p l a c e d   i n   p e r s p e c t i v e   w i t h   t h e   t o t a l   a n n u a l  
p roduc t ion  of t h e s e  two c h e m i c a l s   i n   t h e   U n i t e d   S t a t e s .  

The f o l l o w i n g   t a b l e   s h o w s   t h e   t o t a l  U.S. p r o d u c t i o n  of Basic V i o l e t  3 
( c r y s t a l   v i o l e t ,   t h e   p r i m a r y   i n g r e d i e n t   i n   g e n t i a n   v i o l e t )  and   propionic  
a c i d   o v e r   t h e  l a s t  t h r e e   y e a r s   f o r   w h i c h   d a t a  are a v a i l a b l e  (USITC, 1984; 
1985;  1986) : 

Basic V i o l e t  3 Propionic   Acid  
( m i l l i o n   l b s )  ( m i l l i o n   l b s )  

1983 1.097 101.4 

1984 0.997 95.9 

1985 1.117 99.7 

Average 1.07 99 .o 

P r o p o r t i o n a l l y ,   t h e   e s t i m a t e d   r a n g e   o f   g e n t i a n   v i o l e t   u s e   i n   p o u l t r y   f e e d s  
r e p r e s e n t s  from 1.6% t o  12.6% of t h e   a v e r a g e   t o t a l   a n n u a l   p r o d u c t i o n   o f  
Basic V i o l e t  3. This w o u l d   r e p r e s e n t   t h e   e s t i m a t e d   p r o d u c t i o n   d e c r e a s e   o f  
t h i s   dye ,   shou ld   t he   p roposed   ac t ion   be   imp lemen ted   and   t he   u se  of gen t i an .  
v i o l e t   i n   p o u l t r y   f e e d s  no l o n g e r  be p e r m i t t e d .  

16,800 l b s / y r  / 1.07 m i l l i o n   l b s / y r  = 0.016 = 1.6% 
134,400 l b s / y r  / 1.07 m i l l i o n   l b s / y r  = 0.126 = 12.6% 

S i m i l a r l y ,  a comparison  of   the  es t imated  range of t h e   p o t e n t i a l   i n c r e a s e s  
i n   t h e   u s e  o f   p r o p i o n i c   a c i d   i n   p o u l t r y   f e e d s   w i t h   t h e   t h r e e   y e a r   a v e r a g e  
i n   p r o d u c t i o n  of t h i s   c h e m i c a l   y i e l d s   a n   e s t i m a t e d   i n c r e a s e   i n   p r o d u c t i o n  
from  about 0.5% t o  4.2X of   t he   annua l   p roduc t ion   o f   p rop ion ic   ac id .  This 
w o u l d   r e p r e s e n t   t h e   e s t i m a t e d   i n c r e a s e   i n   t h e   p r o d u c t i o n   o f   t h i s   o r g a n i c  
ac id ,   shou ld   t he   p roposed   ac t ion   be   imp lemen ted .  

0.52 m i l l i o n   l b s / y r  / 99 m i l l i o n   l b s / y r  = 0.005 = 0.5% 
4.2 m i l l i o n   l b s / y r  / 99 m i l l i o n   l h s / y r  = 0.042 = 4.2% 

T h e r e f o r e ,  it can   be   conc luded   t ha t ,   based   upon   t o t a l  Basic V i o l e t  3 
- p r o d u c t i o n   i n   t h e   U n i t e d   S t a t e s ,  a r e v o c a t i o n   o f   t h e   u s e   o f   g e n t i a n   v i o l e t  
i n   p o u l t r y   f e e d s  is u n l i k e l y   t o   s i g n i f i c a n t l y  affect  t h e   t o t a l   m a r k e t   f o r  
t h i s   d y e .   S i m i l a r l y ,  it can   be   conc luded   t ha t ,   based   upon   t o t a l   P rop ion ic  
a c i d   p r o d u c t i o n   i n   t h e   U n i t e d   S t a t e s ,  an i n c r e a s e   i n   t h e   u s e  of t h i s  
c h e m i c a l   i n   p o u l t r y   f e e d s  is u n l i k e l y   t o   s i g n i f i c a n t l y  affect  t h e   t o t a l  
m a r k e t   f o r   t h i s   o r g a n i c   a c i d .  
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E. Environmental   impact   of   the   proposed  act ion 

The Cen te r   has   cons ide red   env i ronmen ta l   i n fo rma t ion   fo r   gen t i an   v io l e t  
(Appendix  A),   the   probable   replacement   chemical ,   propionic   acid  (Appendix 
R), and  one  other  less l ike ly   rep lacement   chemica l ,   benzoic   ac id   (Appendix  
C )  and  concludes   tha t   the   p roposed   ru le  w i l l  not  have a s i g n i f i c a n t  impact 
on t h e   q u a l i t y   o f   t h e  human environment. 

The p o t e n t i a l   e n v i r o n m e n t a l  impact a s soc ia t ed   w i th   t he   r educed   u se   o f  
g e n t i a n   v i o l e t   o r   i n c r e a s e d   u s e s  of o r g a n i c   a c i d s   ( p r i m a r i l y   p r o p i o n i c  
a c i d )  i s  no t   expec ted   t o  be s i g n i f i c a n t .   T h i s   c o n c l u s i o n  is based  upon t h e  
f o l l o w i n g   a n a l y s i s   a n d   t h e   d a t a   p r e s e n t   i n   t h e   a t t a c h e d   a p p e n d i c e s .  

The c u r r e n t   u s e   o f   g e n t i a n   v i o l e t   i n   p o u l t r y   f e e d   d o e s   n o t   a p p e a r   t o  be 
caus ing   adve r se   env i ronmen ta l   e f f ec t s  a t  t h e  s i tes  of  use (s.ee Appendix  A). 
Most  of t h e   g e n t i a n   v i o l e t   i n   p o u l t r y   d i e t s  is  u l t i m a t e l y   e x c r e t e d   i n   t h e  
wastes from  these  anima.ls. The c o n c e n t r a t i o n  of g e n t i a n   v i o l e t   r e s i d u e s  
e x p e c t e d   i n   p o u l t r y  wastes is e s t i m a t e d   t o  be  about 9.5 ppm  (mg re s idue /kg  
was te) .  About 60% of t h e   g e n t i a n   v i o l e t   r e s i d u e s   i n   t h e   p o u l t r y   e x c r e t a  
are e x p e c t e d   t o  be pa ren t  compound, wi th   about   another  30% e x p e c t e d   t o  be 
demethylated  metabol i tes   and  perhaps a small propor t ion   of   l eukogent ian  
v i o l e t .  It i s  common f o r  t h e   e x c r e t a   f r o m   p o u l t r y   t o  be kept   for   ex tended  
per iods   o f  time ( a   y e a r   o r   l o n g e r )   i n   t h e   c o n f i n e d   p o u l t r y   f a c i l i t y   u n t i l  
i t  can  be  used as a f e r t i l i z e r  added t o   a g r i c u l t u r a l   s o i l s .  

The approximate maximum l e v e l  of t o t a l   g e n t i a n   v i o l e t   r e s i d u e s   e x p e c t e d   i n  
s o i l s  amended with  poul.try wastes from t r e a t e d   a n i m a l s  i s  about 0.07 ppm, a 
l e v e l   t h a t  wou ld   p robab ly   no t   be   expec ted   t o   cause   acu te   e f f ec t s   i n  
o r g a n i s m s   l i v i n g   i n   t h e  terrestrial environment. Due t o   t h e   m o d e r a t e   t o  
s t r o n g   t e n d e n c y   f o r   g e n t i a n   v i o l e t   t o   s o r b   t o   p a r t i c u l a t e   a n d   o r g a n i c  
matter, t h e   r e s i d u e s  of g e n t i a n   v i o l e t  and i t s  m e t a b o l i t e s  are e x p e c t e d   t o  
s t a y   p r i m a r i l y   i n   t h e   s o i l s  amended w i t h   t h e   p o u l t r y  waste. The a b i l i t y  of 
l i g h t  and  of some chemica ls   and   microbes   to   degrade   these  compounds should 
a l l o w   f o r   t h e   d e g r a d a t i o n  and e v e n t u a l  loss of g e n t i a n   v i o l e t   r e s i d u e s  from 
t h e  amended s o i l s .  

The t r a n s f e r   o f   g e n t i a n   v i o l e t   r e s i d u e s  f rom  the   above   so i l s  amended w i t h  
p o u l t r y  wastes i n t o   c l o s e l y   l o c a t e d   a q u a t i c   e n v i r o n m e n t s  would  appear  to  be 
r a the r   un l ike ly .   Rega rd le s s   o f   t ha t   l i ke l ihood ,   an   ex t r eme   example   o f   t he  
p o t e n t i a l   t r a n s f e r  of g e n t i a n   v i o l e t   r e s i d u e s   i n t o   t h e   a q u a t i c   e n v i r o n m e n t  
v ia   runoff   f rom a t e r r e s t r i a l   l o c a t i o n   d u r i n g  a heavy   r a in   s to rm  ind ica t e s  
t h a t   t h e  maximum l e v e l s   t h a t   c o u l d  b e   e x p e c t e d   i n   t h e   r u n o f f   i t s e l f  are 
about 0.3 ppm (mg/L).  Runoff  from r a i n f a l l  is  u s u a l l y   f u r t h e r   . d i l u t e d  
somewhat  by t h e  volume  of water r e c e i v i n g   t h i s   i n p u t   ( e . g ,  a stream, pond, 
lake ,   ocean) .  The maximum p o s s i b l e   l e v e l s  o f   g e n t i a n   v i o l e t   r e s i d u e s   t h a t  
cou ld   en te r   t he   aqua t i c :   env i ronmen t   v i a   runof f  are e x p e c t e d   t o  be 
below t h e   l e v e l s   t h a t   h a v e   b e e n   d e m o n s t r a t e d   t o   r e s u l t   i n   e f f e c t s   i n  
o rgan i sms   t ha t   l i ve   i n   t he   aqua t i c   env i ronmen t .  
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The  envi ronmenta l   impacts   assoc ia ted   wi th   the   manufac ture   o f   gent ian   v io le t  
dye,  mold i n h i b i t o r   p r o ' d u c t ,   a n d   t r e a t e d   p o u l t r y   f e e d s  are u n c l e a r .  The 
documents   tha t   examine   dye   manufac ture   have   ident i f ied   severa l  areas of 
p o t e n t i a l   c o n c e r n   w i t h o ' u t   r e s o l v i n g   w h e t h e r   o r   n o t   e n v i r o n m e n t a l   i m p a c t s  
are expec ted  or have   occur red .  It is  l i k e l y   t h a t   t h e   d y e   i n d u s t r y   h a s  made 
some p r o g r e s s   i n   t h e   r e d u c t i o n  and   t rea tment   o f   the  wastes t h a t  are e m i t t e d  
by t h e i r   f a c i l i t i e s .  The  proposed  rule  would,   however,   el iminate 
occupa t iona l   exposures   t o   and   o the r   env i ronmen ta l  releases of g e n t i a a  
v i o l e t  a t  sites where mold i n h i b i t o r   p r o d u c t  and t r e a t e d   p o u l t r y   f e e d s  are 
prepared .  

The  above  analysis  on t h e   p o t e n t i a l   e n v i r o n m e n t a l   i m p a c t s   o f   t h e   u s e   o f  
g e n t i a n   v i o l e t  i n  p o u l t r y   f e e d s   i n d i c a t e s   t h a t   t h e   c u r r e n t   e n v i r o n m e n t a l  
impacts would  appear  to  be  minor.  

There are a d e q u a t e   p r o d u c t s   t h a t  are c u r r e n t l y   w i d e l y   u s e d   f o r   t h e  Same u s e  
as g e n t i a n   v i o l e t .  The! a c t i v e   i n g r e d i e n t s   i n   t h e   p r o d u c t s   e v a l u a t e d   i n  
t h i s  document  pose l i t t l e  p o t e n t i a l   f o r   c a u s i n g   a d v e r s e   e n v i r o n m e n t a l  
impacts .   Both  propi0ni .c   acid  and  benzoic   acid are n a t u r a l l y - o c c u r r i n g  
compounds t h a t  are found   w ide ly   i n   t he   env i ronmen t .   Bo th   o f   t hese   o rgan ic  
a c i d s  appear to   be  a normal  component  of  the  metabolism  and  excretion of a 
wide number  of o rgan i sms   p re sen t  i n  the   envi ronment   ( see   Appendices  B and 
C )  

The uses  of p r o p i o n i c   a c i d   a n d   b e n z o i c   a c i d   ( a n d   t h e i r   s a l t s )  as 
p r e s e r v a t i v e s   i n  food and t h e   u s e  of p r o p i o n i c   a c i d  i n  an ima l   f eeds  is 
a l r e a d y  common. The u s e   o f   t h e s e   o r g a n i c   a c i d s   i n   p o u l t r y   f e e d   w o u l d   n o t  
be   expec ted   to  resu l t  i n  a s i g n i f i c a n t   i n c r e a s e   i n   e n v i r o n m e n t a l   i m p a c t s .  

Propionic   ac id   has   been   found t o  be a n a t u r a l  component  of  animal wastes 
and is  a metabol ic   end  product   of  many a n a e r o b i c   b a c t e r i a .  It is  a l s o  a 
common component  of sewage a n d   h a s   b e e n   r o u t i n e l y   f o u n d   i n   t h e   e f f l u e n t  of 
wastewater treatment p l a n t s .   T h i s  compound i s  read i ly   b iodegradab le   and  is 
u t i l i z e d  as an   energy   source  by a l l  manners   o f   aerobic   bac te r ia   and   h igher  
organisms.   Benzoic   ac id   has   a l so   been   found  to   be  a n a t u r a l   e x c r e t i o n  
product  of a w i d e   v a r i e t y  of b i o t a .  It h a s   a l s o   b e e n   f o u n d   i n  sewage and 
i n   t h e   e f f l u e n t  of wast.ewater t r e a t m e n t   p l a n t s .   B o t h  compounds are as 
degradab le  as are sugars   and  can be u t i l i z e d  as n u t r i e n t s  by d i v e r s e  
organisms.   Therefore ,   bo th   o f   these  compounds  would  not  be  expected  to 
p r e s e n t   a n y   a d d i t i o n a l   s i g n i f i c a n t   e n v i r o n m e n t a l  impacts when used as a 
p r e s e r v a t i v e   i n   p o u l t r y   f e e d s .  

The e n v i r o n m e n t a l   i m p a c t   o f   t h e   p r o p o s e d   r u l e   o n   t h e   u t i l i z a t i o n   o f  
resources   and   energy  is  n o t   e x p e c t e d   t o   b e   s i g n i f i c a n t .  A s  p r e v i o u s l y  
n o t e d ,   t h e   p r o d u c t i o n   o f   g e n t i a n   v i o l e t   € o r   u s e   i n   p o u l t r y   f e e d s   r e p r e s e n t s  
a small p e r c e n t a g e   o f   t h e   t o t a l   p r o d u c t i o n  of t h i s   d y e .   T h e r e f o r e ,   t h e  
r e d u c t i o n   i n   t h e   p r o d u c t i o n   o f   g e n t i a n   v i o l e t   t h a t   w o u l d   r e s u l t   f r o m   t h i s  
a c t i o n   s h o u l d   n o t   r e s u l t   i n   a n y   s i g n i f i c a n t   c h a n g e s   i n   t h e   u s e  of r e s o u r c e s  
and  energy. 
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c 
S i m i l a r l y ,   t h e   t o t a l   p r o d u c t i o n   o f   b o t h   p r o p i o n i c   a c i d  and benzoic  
a c i d   s h o u l d   n o t   b e   s i g n i f i c a n t l y   a f f e c t e d  by t h e   r e l a t i v e l y  small 
i n c r e a s e s   i n   p r o d u c t i o n   t h a t  would r e s u l t  from t h i s   a c t i o n .  Any 
i n c r e a s e   i n   r e s o u r c e  a n d   e n e r g y   u t i l i z a t i o n   r e s u l t i n g  from  an 
inc reased   p roduc t ion   o f   t hese   o rgan ic   ac ids  may be  expected  to  be 
o f f s e t  by t h e   d e c r e a s e   i n   p r o d u c t i o n   o f   g e n t i a n   v i o l e t .  Overall, 
changes   i n   r e source  and e n e r g y   u t i l i z a t i o n  w i l l  no t  be  expected. 

111. Mit igat ion  Measures  

It i s  p o s s i b l e   t h a t  a c e s s a t i o n  of t h e   u s e   o f   g e n t i a n   v i o l e t   i n  
p o u l t r y  feeds may r e s u l t   i n   t h e  need f o r   t h e   d i s p o s a l  or  a p p r o p r i a t e  
r e -use   o f   gen t i an   v io l e t   p roduc t   and   f eeds   con ta in ing   gen t i an   v io l e t .  
I n   s u c h  a case, any  product  o r  f eed ,   whe the r   he ld   p r iva t e ly ,   r eca l l ed ,  
or en jo ined  or se i zed  by t h e  FDA, must  be  re-used,  recycled o r  
d i s p o s e d   o f   i n   a c c o r d a n c e   w i t h   F e d e r a l ,   S t a t e  or Local   requirements .  
The most   appl icable   requirements   would  appear   to   be  those  governing 
s o l i d  and hazardous wastes. S o l i d  and hazardous waste programs are 
a d m i n i s t e r e d   l a r g e l y  by the   S t a t e s   and ,   based  on p a s t  expe r i ence ,  
requi rements  are expec ted   t o   va ry  from State  t o   S t a t e .  Where 
necessa ry ,   t he   Cen te r   Env i ronmen ta l   S t a f f   can  be con tac t ed  
(301/443-1880) f o r  r e f e r r a l s   t o   t h e   a p p r o p r i a t e   S t a t e   a u t h o r i t y .  

S u r p r i s i n g l y ,   g i v e n   t h e  long h i s t o r y  of use o f   g e n t i a n   v i o l e t ,   t h e  
s c i e n t i f i c   l i t e r a t u r e   d o e s   n o t   a p p e a r   t o   c o n t a i n  much guidance on the  
p rope r   d i sposa l  of t h i s  dye. The physical-chemical  and  environmental  
f a t e   p r o p e r t i e s  of t ' he  dye,  as descr ibed  in   Appendix A, a l s o  do no t  
sugges t  a c lear -cu t  method f o r  d i s p o s a l  of g e n t i a n   v i o l e t .   A l d r i c h  
(1986)  recommends t h a t   g e n t i a n   v i o l e t   ( e n t r y  # 86,099-9)  be d i s so lved  
o r  mixed wi th  a combust ible   solvent   and  burned  in  a chemical  
i nc ine ra to r   equ ipped   w i th   an   a f t e rbu rne r   o r   s c rubbe r .   Th i s  method 
would   appear   to   be   mos t   appl icable   to  mold i n h i b i t o r   p r o d u c t s  
c o n t a i n i n g   g e n t i a n   v i o l e t .  

For f e e d s   t r e a t e d  wit:h g e n t i a n   v i o l e t  amendment i n t o   a g r i c u l t u r a l  
s o i l s  as a s o i l   c o n d i t i o n e r  would appea r   t o   be   one   poss ib l e   d i sposa l  
t echn ique   t o  be consi.dered. The c o n c e n t r a t i o n  of the   dye   p resent  i s  
approx ima te ly   equa l  t o  t h e   c o n c e n t r a t i o n   p r e s e n t   i n  manure from 
t r e a t e d   p o u l t r y ,  whic:h has  been amended i n t o   a g r i c u l t u r a l   s o i l s   f o r  
many years .  Some microorganisms  have  been  reported  to  slowly  degrade 
gen t i an   v io l e t .   Gen t : i an   v io l e t   has   been   r epor t ed   t o   be   s ens i t i ve   t o  
l i g h t .  The  dye i s  a l s o   r e p o r t e d   t o   s o r b   t o   a c t i v a t e d   c a r b o n  and t o  
p a r t i c u l a t e  material. Appendix A con ta ins   r ev iews  of t h e   p e r t i n e n t  
env i ronmen ta l   f a t e   i n fo rma t ion .   Whe the r   t h i s   t echn ique  or  some o t h e r  
procedure  would be w e d  would  be determined by i n d i v i d u a l   S t a t e  
a u t h o r i t i e s .  

c 

L 
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I V .  R e g u l a t o r y   A l t e r n a t i v e s  and the  Expected  Environmental  
Consequences. 

T h e   p r o p o s e d   a c t i o n   d e c l a r e s   t h a t   g e n t i a n   v i o l e t   u s e d   i n   p o u l t r y   f e e d s  
f o r  mold i n h i b i t i o n  is no t   gene ra l ly   r ecogn ized  as s a f e  and t h a t   a n  
approved   food   add i t ive   pe t i t i on  o r  new an ima l   d rug   app l i ca t ion  i s  
required  for   the  mar 'ket ing  of   the  product .   This   type  of   act ion is not 
a d d r e s s e d   s p e c i f i c a l l y   i n   t h e  FDA's p rocedures   (21  CFR 25) 
implementing  the  Nat ional   Environmental   Pol icy Act and was t h e r e f o r e  
addressed on  a case-by-case  basis  under 2 1  CFR P a r t  25.22(a)(19) .  An 
envi ronmenta l   assessment  was p repa red   because   t h i s   ac t ion  would  remove 
g e n t i a n   v i o l e t  from t:he marke tp lace ,  a t  least  u n t i l  a FAP o r  NADA was 
approved  for  such  products.  From an   envi ronmenta l   v iewpoin t ,   th i s  
would mean t h a t   t h e r e  would  be p o t e n t i a l  f o r  increased   use   o f  
a l te rna te   p roducts   and ,   perhaps ,   the   need   to   d i spose  of some g e n t i a n  
v i o l e t   p r o d u c t s  and t r ea t ed   f eeds   t h rough   env i ronmen ta l ly   accep tab le  
methods. Due t o   t h e   f a i r l y   w i d e s p r e a d   u s e   o f   g e n t i a n   v i o l e t   i n  
p o u l t r y   f e e d ,   t h e  Center decided  to   examine  the  environmental  
p r o p e r t i e s  of g e n t i a n   v i o l e t  and i t s  replacement   products  and t o  
d e t e r m i n e ,   i f   p o s s i b l e ,   a p p r o p r i a t e   m e a s u r e s   f o r   t h e   d i s p o s i t i o n  of 
p roduc t s  and f e e d s   c o n t a i n i n g   g e n t i a n   v i o l e t ,  as discussed  above  in  
111. 

The proposed  act ion w i l l  e i t h e r  be f i n a l i z e d  or no a c t i o n  will occur.  
There i s  no  need t o  examine   o the r   r egu la to ry   a l t e rna t ives   because  no 
adverse   envi ronmenta l   impacts  were found for   the   p roposed   ac t ion .   See  
21 CFR 25.41(a). 

No A c t i o n :   I f ,   d u r i n g   t h e  comment pe r iod  for the   proposed rule, 
convinc ing   ev idence  is  p r o v i d e d   t o   a f f i r m   t h a t   g e n t i a n   v i o l e t  is  not a 
food a d d i t i v e  o r  new , an ima l   d rug   fo r   t he   a f f ec t ed   u se  of g e n t i a n  
v i o l e t ,   t h e n  i t  i s  c o n c e i v a b l e   t h a t  No Act ion  w i l l  occur .   In   such a 
case, no c h a n g e   i n   p r e s e n t   e n v i r o n m e n t a l   i n t r o d u c t i o n s   d u r i n g   t h e  
manufactur ing  and  use  of   the   product  w i l l  be  expected.  Based  on  the 
l i m i t e d   d a t a   a v a i l a b l e ,   t h e   c u r r e n t   u s e   o f   g e n t i a n   v i o l e t   i n   p o u l t r y  
f e e d s  would n o t   a p p e a r   t o  be the   cause   o f   s ign i f i can t   env i ronmen ta l  
impacts .  

i 
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Appendix A: Environmental  Assessment Data f o r   G e n t i a n   V i o l e t  

1. Chemica l   i den t i ty  and p r o p e r t i e s  . 
a. Common names (The Merck Index, 1983): 

C r y s t a l   v i o l e t  
C.I .  Basic V i o l e t  3 
c.1. 42555 
m e t h y l r o s a n i l i n e   c h l o r i d e  
h e x m e t h y l p a t a r o s a n i l i n e   c h l o r i d e  

U.S.P. g r a d e   g e n t i a n   v i o l e t   c o n t a i n s   n o t  less than  96% g e n t i a n  
v i o l e t   ( c r y s t a l   v i o l e t ,  Basic V i o l e t  3 ) .  

b. Chemical name ('USAN & USP, 1984): 

Methanaminium, N-[4-[bis[4-(dimethylamino)phenyl]methylene- 
2,5-cyclohexadien-l-ylidene]-N-methyl-, c h l o r i d e  

c. CAS r e g i s t r y  number: 548-62-9 (USAN & USP, 1984) 

d .   S t ruc tu ra l   d i ag ram (USAN & USP, 1984): 

e. Empirical formu.la: C25H30ClN3 (USAN 6 USP, 1984) 

f .   Molecular   weight :  407.99 (USAN & USP, 1984) 

g. P h y s i c a l   d e s c r i p t i o n :  Dark g reen  or g r e e n i s h  powder. C r y s t a l l i n e  
p i e c e s   g l i s t e n   w i t h  a metallic l u s t e r  (The  Merck  Index, 1983). 

2. In t roduc t ion   i n to   t he   env i ronmen t   t h rough   manufac tu re .  

During 1985, 1.2 m i l l i o n  pounds  of Basic V i o l e t  3 was produced i n  t h e  
U.S. by four   manufac turers .  (USITC, 1986). The pr imary  use  of   gent ian 
v i o l e t  is probably as a dye i n   t e x t i l e s  and  paper,  however, i t  is also 
used as a b i o l o g i c a l   s t a i n ,  a pH i n d i c a t o r ,  a p e s t i c i d e ,  and as a 
mycos ta t i c   agen t   i n   med ic ine   and   ag r i cu l tu re  (EPA, 1981; McDonald  and 
C e r n i g l i a ,  1984; Rushing  and Bowman, 1980; The  Merck Index, 1983). 

Brown e t  a l .  (1981) r e p o r t   t h a t   t h e   e s t i m a t e d  losses d u r i n g   t h e  
production  of  dyes  and  pigments i s  o f t e n   i n   t h e   r a n g e  of 1-2%. They 
a l s o  s ta te  t h a t  "these l o s s e s  are l a r g e l y   i n t o   t h e   a q u e o u s   e f f l u e n t s  
a r i s ing   f rom  the   p roduc t ion  or use  indus t ry . "  Brown (1987) estimates 
t h a t   a b o u t   a n o t h e r  9% of   dyes tu f f s  i s  d i scha rged  as a r e s u l t  of the 
ac tua l   dye ing   opera l t ions .  
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c 
C r y s t a l   v i o l e t  (Basic V i o l e t  3) r e p r e s e n t s  a v e r y  small p r o p o r t i o n  
of t h e   t o t a l  syntlhetic o rgan ic   dyes   p roduced   i n   o r   impor t ed   i n to   and  
used i n  the  Uniteld States.  I n  1980, 245 m i l l i o n   l b s  (111 m i l l i o n   k g )  
o f   s y n t h e t i c   o r g a n i c   d y e s  were p roduced   i n   t he  U.S. a n d   a n   a d d i t i o n a l  
29 m i l l i o n   l b s  (1.3 m i l l i o n   k g )  were impor ted   (Kulkarn i  e t  al . ,  1985). 
I n  c o n t r a s t ,   t h e   p r o d u c t i o n  of Basic V i o l e t  3 i n   t h e  U.S. o v e r   t h e  
p e r i o d  1983 t o  1985 averaged  only  about  1.1 m i l l i o n   l b s  (0.5 
m i l l i o n   k g )   p e r  ylc (USITC, i984;  1985;  1986), and i n  1979, o n l y  
32,000 l b s  (14,508 k g )   o f   g e n t i a n   v i o l e t  were i m p o r t e d   i n t o   t h e  U.S. 
(Swett  e t  al . ,  1984). 

G e n t i a n   v i o l e t  i s  a t r i a ry lme thane   dye   and   t hese   dyes  are among t h e  
o l d e s t   s y n t h e t i c   d y e s  (Gwinn and  Eomberger, 1984). C r y s t a l   v i o l e t  was 
d iscovered  by Kern  and Car0 i n  1883 (Colour  Index, 1971). T h i s  dye is 
manufactured by r eac t ing   N ,N-d ine thy lan i l ine   w i th   phosgene   i n  t h e  
p re sence   o f   z inc   ch lo r ide   t o   g ive   Mich le r ' s   Ke tone  
[4,4'-Sis(dirnethy.lamino)benzophenone]. T h i s  is fu r the r   condensed   w i th  
d i m e t h y l a n i l i n e   t o   y i e l d   c r y s t a l   v i o l e t  (Gwinn and  Bomberger, 1984). 

Bomberger e t  a l .  (1984) summar ized   the   publ ica t ions   examining   the  
wastes from  the  manufacture  of dyes  and  pigments. One of t h e s e  
p u b l i c a t i o n s  (Gwinn  and  Bomberger, 19841, s p e c i f i c a l l y   r e v i e w e d   t h e  
wastes expected  f rom  the  manufacture   of  48 diphenylmethane  and 
t r ia ry lmethane   dyes   and   p igments .  The wastes from  the  manufacture   of  
c r y s t a l   v i o l e t  and similar t r i a r y l m e t h a n e   d y e s  were d i s c u s s e d   i n  a 
gene ra l   f a sh ion .  Gwinn and  Bomberger (1984) i d e n t i f i e d   t h e   f o l l o w i n g  
manufac tur ing   was t .e   s t reams  tha t   could   conta in   hazardous  materials 
( s u c h  as phosgene , ,   heavy   me ta - l s ,   Mich le r ' s   Ke tone ,   e t c . )   a s  a r e s u l t  of 
t h e   v a r i o u s   p r o c e s s e s   i n v o l v e d   i n   m a k i n g   t r i a r y l m e t h a n e   d y e s :  

a. S h i o p i n g   c o n t a i n e r s ,   d i s c a r d e d  
b. S o l i d   r e s i . d u e s   f r o m   s y n t h e s i s ,   . d i s t i l l a t i o n  and f i l t r a t i o n  
c. Gaseous  emissions 
d.   Process  wa.stewaters 
e. Wastewater treatment s o l i d s  

Gwinn and  Romberger (1984) i d e n t i f y   t h e   f o l l o w i n g  materials  as be ing  
r e l e a s e d   i n t o   t h e   e n v i r o n m e n t  as a r e s u l t   o f   t h e  waste streams t h a t  are 
invo lved   i n   t he   manufac tu re  of c r y s t a l   v i o l e t :  

a. Basic V i o l e t  3 
b. Phosgene 
C. N,N-dimethylaniline 
.d. 4,4'-bis(dimethylamino)benzhydrol 
e. 4,4'-bis(dimethylamino)benzophenone [Michler ' s   Ketone ,  a 

s u b s t a n c e   t h a t  i s  ca rc inogen ic   i n   expe r imen ta l   an ima l s  (NTP, 
198611. 

Gwinn and  Romberger (1984) s t a t e   t h a t   s i g n i f i c a n t   s o u r c e s   o f   h a z a r d o u s  
wastes may be f o u n d   i n   t h e   p r o c e s s   s l u d g e s ,   s o l i d   d i s t i l l a t i o n   r e s i d u e s  
a n d   g a s e o u s   e m i s s i o n s ,   h o w e v e r ,   t h e   a u t h o r s   t h i n k   t h a t   t h e   m a j o r  
po ten t i a l   sou rce   o f   emis s ions   wou ld  be from t h e  process w a s t e w a t e r s ,  
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primarily because i t  c o n t a i n s   t h e   m o t h e r   l i q u o r   ( w i t h   u n r e a c t e d  
in t e rmed ia t e s ,   b f -p roduc t s ,   dye ,  etc.). These au thor s   conc lude  by 
s t a t i n g   t h a t :  1) (d i f f e ren t   dye   p roduce r s   have   d i f f e ren t  wastewater 
t reatment   systems, ,  2 )  s e v e r a l   t r i a r y l m e t h a n e   d y e s   i n h i b i t   a e r o b i c  
wastewater b a c t e r i a ,  3 )  t h e r e  i s  a good  chance  that  many a e r o b i c  
t r e a t m e n t   u n i t s  w i l l  n o t   d e g r a d e   t h e   b a s i c   d y e s   a n d   t h e i r  
i n t e rmed ia t e s ,   4 )   un reac ted   dye  may remain on wastewater s o l i d s  
( s ludge ) ,   and  5) t h e s e   s o l i d s  may b e   f u r t h e r   t r e a t e d   i n   a n a e r o b i c  
d i g e s t e r s  or depos i t ed   i n   t he   anae rob ic   env i ronmen t   o f  a l a n d f i l l .  

Rushing  and Bowmart (1980)   a t t empted   t o   r ecove r   and   ana lyze   gen t i an  
v i o l e t  a d d e d   t o   i n d u s t r i a l  wastewaters. I n   t h i s  experiment t h e   a u t h o r s  
p e r c o l a t e d   1 5  liters o f   i n d u s t r i a l  wastewater c o n t a i n i n g  1 ppm ( p a r t  
p e r  m i l l i o n )   g e n t i a n   v i o l e t   t h r o u g h   a n   a c t i v a t e d   c a r b o n  column. Th i s  
was done to  simulalte a a la rge-sca le   p rocess   used  a t  the   Na t iona l  
Center f o r   T o x i c o l o g i c a l   R e s e a r c h  (NCTR) for   the  removal   of   hazardous 
r e s i d u e s   f r o m   i n d u s t r i a l   w a s t e w a t e r   p r i o r   t o  i t s  d i s c h a r g e   i n t o   t h e  
environment.   The  authors  found  that   the  activated  carbon  column  (but 
n o t  a column  packed  with XAD-2 r e s i n )   e f f i c i e n t l y  removed t h e   g e n t i a n  
v i o l e t ,   w i t h  no r e s i d u e  (<20 parts p e r  b i l l i on   (ppb) )   emerg ing   f rom  the  
column. 

C l a r k e   a n d   A n l i k e r   ( 1 9 8 4 )   g e n e r a l l y   d i s c u s s   t h e   s a f e t y  aspects of 
producing  dyes  and  pigments .   They  conclude  that   workers   in   the  dye  and 
p igmen t   i ndus t r i e s   shou ld :   1 )  be aware o f   t he   haza rdous   p rope r t i e s   o f  
t h e s e   c h e m i c a l s   ( e . g . ,   v i a   s a f e t y   d a t a   s h e e t s ) ,  2 )  be  advised  of 
p r e c a u t i o n s   f o r   t h e i r   s a f e   h a n d l i n g ,  3)  minimize   exposures   to   these  
chemicals ,   and 4 )  ava i l   t hemse lves  of m e d i c a l   s u r v e i l l a n c e .  

It may be d i f f i c u l t   f o r   w o r k e r s   e x p o s e d  t o  g e n t i a n   v i o l e t   t o  know how 
h a z a r d o u s   t h i s   c h e m i c a l  may or may not  be in   the   workplace .  In  1984, 
S w e t t  e t  a l .  r e p o r t   l o o k i n g   f o r  TLV's (Threshold  L i m i t  Values)   used   to  
limit worke r   exposure   t o   co lo ran t s   i n   t he   workp lace  a i r  i n  r e g u l a t i o n s  
f o r  OSHA (Occupa t iona l   Sa fe ty   and   Hea l th   Admin i s t r a t ion )  and i n  
s t a n d a r d s  recommenlded by  NIOSH ( N a t i o n a l   I n s t i t u t e   f o r   O c c u p a t i o n a l  
S a f e t y  and  Heal th)   and  the ACGIH (American  Conference  of  Governmental  
I n d u s t r i a l   H y g i e n i s t s ) ,  but: no s t a n d a r d s  or limits could be found. 
S i m i l a r l y ,   K u l k a r n i  e t  a l .  ( 1 9 8 5 )   r e p o r t   t h a t  l i t t l e  informat ion   on  
w o r k e r   e x p o s u r e   t o   d y e s t u f f s   e x i s t s ,  except for   the  benzidene-based 
dyes  . 
In   t he   d ra f t   Chemica l   Haza rd   In fo rma t ion   P ro f i l e  (CHIP)  prepared  for  
g e n t i a n   v i o l e t  by EPA i n   1 9 8 1 ,   t h e  EPA (1981) also found   t ha t   "gen t i an  
v i o l e t  i s  n o t   c u r r e n t l y   t h e   s u b j e c t  of e x i s t i n g  or recommended 
s t a n d a r d s   o r   r e g u l a t i o n s . "  However, t h i s   r e p o r t   a l s o   a c k n o w l e d g e s   t h a t  
some workers   produc: ing  rosani l ine  dyes,   such as g e n t i a n   v i o l e t ,   h a v e  
b e e n   i n s t r u c t e d   t o  wear r e s p i r a t o r s .   T h i s  was because   noseb leeds   i n  
dye .   manufac tur ing   p lan ts   occur red  when worke r s   d id   no t  wear 
r e sp i r a to r s .   Ep idemic   noseb leeds  were a l s o   r e p o r t e d   i n   f o u r   o t h e r  
i n d u s t r i e s  where workers  were e x p o s e d   t o   g e n t i a n   v i o l e t  (EPA, 1981 1. 
EPA (1981) a l so  r e p o r t s   t h a t   " g e n t i a n   v i o l e t  is modera te ly  acutely 
t o x i c ,  a s e v e r e   e y e   i r r i t a n t ,  a mucous  membrane i r r i t a n t ,  and a p o t e n t  
i nduce r  of  chromosomal  aberrations. .  .*' 
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Lawrence , and   Smi th   (1982)   r epor t   t ha t   gen t i an   v io l e t   has   r e su l t ed   i n  
very   few  repor ted-  cases o f   c o n t a c t   s e n s i t i v i t y ,   d e s p i t e  i t s  wide  use 
f o r  many y e a r s  as a medicament. Bajaj and   Gupta   (1986)   repor t   tha t  
g e n t i a n   v i o l e t  i s  a m i l d   s k i n   s e n s i t i z e r .  EPA (1981)  states t h a t   s k i n  
contac t   wi th   gent ian   v io le t   can   cause   eczema,   acneform  e rupt ion   and  
pap i l l a ry   g rowth .  

3. I n t r o d u c t i o n   i n t o   t h e   e n v i r o n m e n t   t h r o u g h   u s e   i n   a n i m a l   f e e d s .  

G e n t i a n   v i o l e t  i s  being  used a t  a l e v e l   o f  up t o  8 ppm ( p a r t s  per 
m i l l i o n )  as a mold i n h i b i t o r   i n   p o u l t r y   f e e d   ( H a g l e r ,   1 9 8 3 ;   T i n d a l l  
1983  a&b). G e n t i a n  v i o l e t   t h a t  i s  inges t ed   a long   w i th   t he   f eed   shou ld  
only  be  absorbed t o  a small e x t e n t  (McDonald  and Cern ig l i a ,   1984)  and 
i s  e x c r e t e d   f a i r l y   r a p i d l y  by p o u l t r y ,   p r i m a r i l y  as p a r e n t   g e n t i a n  
v i o l e t ,   a l o n g   w i t h  some m e t a b o l i t e s  (McDonald  and C e r n i g l i a ,  1984; 
McDonald e t  al.,  :1984; McDonald, 1985) .   These   gen t i an   v io l e t   r e s idues  
end up i n   p o u l t r y   e x c r e t a ,   w h i c h  i s  o f t e n  amended t o   s o i l  as a 
f e r t i l i z e r .  

Most p o u l t r y   i n   t h e  U. S. are r a i s e d   i n   c o n f i n e m e n t   i n   l a r g e   o p e r a t i o n s  
and t h e   e x c r e t a  from t h e s e   b i r d s  are u s u a l l y   c o l l - e c t e d   f o r   e x t e n s i v e  
p e r i o d s   b e f o r e   t h e y  are taken   f rom  the   conf ined  area a n d   a p p l i e d   t o   o r  
amended w i t h   s o i l s  (White and For s t e r ,   1978) .   The re fo re ,  as a r e s u l t  
o f   t h i s   u s e   o f   g e n t i a n   v i o l e t   i n   p o u l t r y   f e e d s ,   t h e   p r i m a r y  
i n t r o d u c t i o n   o f   g e n t i a n   v i o l e t   i n t o   t h e   e n v i r o n m e n t   s h o u l d  be i n t o  
soils amended w i t h  p o u l t r y  wastes. Estimates are given  below  of   the 
c o n c e n t r a t i o n  of g e n t i a n   v i o l e t   ( a n d   m e t a b o l i t e s )   e x p e c t e d   i n   p o u l t r y  
e x c r e t a   a n d   i n   s o i l s  amended w i t h   t h e s e  wastes. 

The fo l lowing  estimate is based  upon  data  from EPA (1974)   on   ra i s ing  
b r o i l e r   c h i c k e n s   a n d   t h e  wastes t h a t   r e s u l t  from t h i s   t y p e   o f  
o p e r a t i o n .   I n  6-8 weeks,   chicks  weighing  about  5 g  become marke tab le  
b r o i l e r s   w e i g h i n g  an average  of  1.8  kg. Over t h a t  time p e r i o d ,   t h e  
ave rage   b i rd  is fed  0.064 kg feed/day  and excretes 0.054 kg  of raw 
was te /day .   That   weight   o f   feed   wi th  8 ppm of gentian v i o l e t   r e s u l t s  i n  
a d a i l y   i n t a k e   o f   g e n t i a n   v i o l e t  of  0,512  mg/bird.  Assuming t h a t  
e s s e n t i a l l y  a l l  of t h e   g e n t i a n   v i o l e t  is e x c r e t e d   i n t a c t ,   t h e   g e n t i a n  
v i o l e t   c o n c e n t r a t i o n  i n  t h e  wet p o u l t r y  wastes should  be no h ighe r   t han  
about  9.5 ppm (0.512 mg gen t i an   v io l e t /0 ,054   kg  waste = 9.5 mg/kg = 9.5 
PPm) 

The rate o f   p o u l t r y   e x c r e t a  amendment t o   s o i l s  w i l l  vary  depending  upon 
s e v e r a l   c i r c u m s t a n c e s   ( e . g . ,   s o i l   t y p e ,   r a i n f a l l ,  etc.). For   t he  
p u r p o s e   o f   t h i s  assessment, a maximum p r a c t i c a l   a p p l i c a t i o n  rate of 7.5 
tons /acre   (16 .8  metric t o n s / h e c t a r e )  w i l l  be   used  (Ful ler   and  Warr ick,  
1985). 

The t o p   s i x   i n c h e s   ( 1 5 . 2  an) of s o i l  i s  t h e   p a r t   t h a t  is  normal ly  
amended w i t h  anima.L wastes. That   depth   o f  s o i l  i n  a one acre p l o t  
weighs  about two m i l l i o n   l b s   ( 9 0 9 , 0 0 0   k g ) .   T h e r e f o r e ,   t h a t   d e p t h   o f  
s o i l   i n  a one h e c t a r e   ( h a )   p l o t   ( h a  = 2.47 a c r e s )  would  weigh  about 
2.25 m i l l i o n  kg. [:One metric ton  = 1,000  kg ( 2 , 2 0 0  l b s ) ] .  
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Chicken yastes i n c o r p o r a t e d   i n t o   s o i l  a t  16.8 metric tons/ha  would 
r e s u l t  i h  a t o t a i   o f  0.16  kg  of g e n t i a n   v i o l e t   b e i n g   a d d e d  to t h e   t o p  
15.2 cm o f   e a c h   h e c t a r e   o f   s o i l  (9.5 mg g e n t i a n   v i o l e t / k g  waste X 
16,800  kg  waste/ha = 159,600 mg g e n t i a n   v i o l e t / h a  = 0.16   kg   gent ian  
v i o l e t / h a ) .   T h i s  i s  e q u i v a l e n t   t o  0.14 l b   o f   g e n t i a n   v i o l e t / a c r e   o f  
s o i l  (0.16  kg/ha X 2.2 lb /kg  = 0.35  lb/ha X 0.405  ha/acre  = 0.14 
l b / a c r e ) .  

The r e l a t i v e   c o n c e n t r a t i o n   o f   g e n t i a n   v i o l e t   i n   t o p   s o i l  amended with 
such   ch icken  wastes would  be about 0.07 ppm (159,600 mg g e n t i a n  
v i o l e t / 2 . 2 5   m i l l i o n  kg s o i l  = 0.071 mg/kg = 0.07 ppm). 

The g e n t i a n   v i o l e t :   t h a t  i s  i n t r o d u c e d   i n t o   s o i l s   c o u l d   s t a y   p r i m a r i l y  
i n   t h e  terrestrial, environment .   This  i s  b e c a u s e   g e n t i a n   v i o l e t   a p p e a r s  
t o   h a v e   c h e m i c a l   c h a r a c t e r i s t i c s   t h a t  would  tend  to  keep it  i n  t h a t  
envi ronmenta l  complartment ( e .g . ,   modera t e   t o   l a rge   oc t ano l /wa te r  
p a r t i t i o n   c o e f f i c i . e n t  (Kow), s t r o n g   b i n d i n g   . t o   p a r t i c u l a t e  and o r g a n i c  
matter and t o   s o i l   a n i o n s ) .  

N e v e r t h e l e s s ,   g e n t i a n   v i o l e t  and i t s  me tabo l i t e s   migh t  enter t h e  
aqua t i c   env i ronmen t .  To estimate t h e  m a x i m u m  p o s s i b l e   c o n c e n t r a t i o n   o f  
g e n t i a n   v i o l e t   t h a t   m i g h t   o c c u r   i n   r u n o f f   f r o m   s o i l s  amended w i t h  
p o u l t r y  wastes, t h e   f o l l o w i n g   s c e n a r i o  is  p o s t u l a t e d .   I f  i t  r a i n s  
h e a v i l y   b e f o r e   t h e   i n c o r p o r a t i o n   i n t o   s o i l   o f   p o u l t r y  waste c o n t a i n i n g  
9.5 ppm o f   g e n t i a n   v i o l e t ,   t h e  maximum concent ra t ion   which   could   be  
f o u n d   i n  two inches   o f   runoff   ( two  inches  of water pe r   hec t a re   we ighs  
507,585 kg) would  be  approximately 0.3 ppm (159,600 mg g e n t i a n  
v i o l e t / h a   d i v i d e d  by 507,585  kg  water/ha = 0.31 mg/kg = 0.31 ppm). 

I t  should   be   recognized   tha t   these   es t imated   concent ra t ions   o f  gent ian  
v i o l e t   i n   s o i l  and  runoff are h igh   r e l a t ive   t o   t he   amoun t s   wh ich  may 
a c t u a l l y  be p r e s e n t  i n   t he   env i ronmen t .   Th i s  i s  because   (1 )  a h igh  
i n i t i a l   c o n c e n t r a t i o n   i n   p o u l t r y  wastes was u t i l i z e d ,   ( 2 )   t h e   i n i t i a l  
c o n c e n t r a t i o n  i n  wastes d i d   n o t   i n c l u d e   t h e  mass of  bedding  which is  
n o r m a l l y   u t i l i z e d  by p o u l t r y   p r o d u c e r s ,  ( 3 )  p o u l t r y  wastes are u s u a l l y  
s t o r e d  €or a p e r i o d   b e f o r e   s p r e a d i n g   o n t o   s o i l s   r e s u l t i n g   i n  
deg rada t ion   o f  waste r e s i d u e s ,  and  (4) i t  i s  u n l i k e l y   t h a t  a l l  of t h e  
gen t i an   v io l e t   r e s . i due   wou ld  be p r e s e n t  i n  e i t h e r   s o i l  or r u n o f f ,  
i n s t e a d ,   t h e   r e s i d u e  would  be d i s t r i b u t e d   b e t w e e n   t h e s e  two 
compar tments .   In   addi t ion ,   any  gen t i an  v i o l e t   i n   t h e   r u n o f f  would  be 
f u r t h e r   d i l u t e d  by t h e  body of water r e c e i v i n g   t h e   r u n o f f .  

4.  F a t e   o f   g e n t i a n   v i o l e t   i n   t h e   e n v i r o n m e n t .  

a. Water s o l u b i l i t y :   G e n t i a n   v i o l e t  is s o l u b l e  i n  cold  and  hot  water 
(Colour   Index,   1971) .  U.S.P. g r a d e   g e n t i a n   v i o l e t  i s  r e p o r t e d   t o  
b e   s o l u b l e   i n  an aqueous medium a t  1:30 (water s o l u b i l i t y   o f   a b o u t  
33,000 ppm) . 
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b. UV-vjs ible   absorpt ion maxima: 

588 nm (Rushing  and Bowman, 1980) 
590 nm (Green e t  al . ,  1979) 
592 nm ( I d a k a  e t  a l . ,  1985) 
600 nm (Kwasniewska,  1985) 

C. O c t a n o l / w a t e r   p a r t i t i o n   c o e f f i c i e n t  (Kow): Kow >lo0 (Yatome e t  a l . ,  
1.981 A b )  

d. D i s s o c i a t i o n   c o n s t a n t :   C r y s t a l   v i o l e t  i s  a lmos t   comple t e ly   i on ized  
ove r   t he  pH range  of 5 t o  9 (Moats  and Maddox, 1978)  and  they 
r e p o r t   t h a t   t h e   c a l c u l a t e d  pK = 9.36 ( f i d e   G o i d a c r e   a n d   P h i i l i p s ,  
1949).  

e. Sorpt ion/desorpt ion:   Pagga  and Brown ( 1 9 8 6 )   t e s t e d  87   dyes   for  
b iodegrada t ion  and  found  that   "with many d y e s t u f f s  a s u b s t a n t i a l  
colour   removal  was observed  which may be a t t r i b u t e d   t o   t h e  
e l i m i n a t i o n   o f   t h e   d y e s  by adsorpt ion."   Similar ly ,   Rushing  and 
Rowman (1980)   a t tempted   recover ies   o f   gent ian   v io le t   added   to  
i n d u s t r i a l  wastewater and  found e r ra t ic  r e s u l t s   d u e   t o   " t h e  
a d s o r p t i o n   o f   t h e   g e n t i a n   v i o l e t   o n t o   p a r t i c u l a t e  matter p r e s e n t   i n  
t h e  wastewater." Brom ( 1 9 8 7 )   s a y s   t h a t  many d y e s t u f f s  "may be 
e x p e c t e d   t o   b e  removed  from  an e f f l u e n t  by s o r p t i o n   o n t o   s l u d g e s  
d u r i n g  sewage t r ea tmen t . .  ." 
Michaels  and L e w i s  (1985)   r epor t   t ha t   t hey   have   de t e rmined   t he  
s o r p t i o n  of Basic V i o l e t  3 to   f r e shwa te r   mic roorgan i sms   ( l ab   and  
f i e l d   c o l l e c t e d   s a m p l e s   o f   b a c t e r i a  and a l g a e ) .  The p a r t i t i o n  
c o e f f i c i e n t s  t'hat t h e y   r e p o r t   r a n g e   f r o m   1 , 2 0 0   t o   1 4 , 0 0 0   f o r   l i v e  
organisms  and !520 t o  1 , 5 0 0   f o r   h e a t   k i l l e d   o r g a n i s m s .   T h e y   r e p o r t  
t h a t   t h e   d y e s   . t h a t   t h e v   t e s t e d   " s o r b   t o   b a c t e r i a l  cells a t  a much 
s lower  ra te  t h a n   t h a t   w h i c h   h a s   b e e n   r e p o r t e d   f o r   p e s t i c i d e s "   w i t h  
t h e   s o r p t i o n  of Basic V i o l e t  3 t o   v i a b l e  cel ls  t a k i n g   a b o u t  24 h r s  
t o   r e a c h   e q u i l i b r i u m .  They a l s o   n o t e   t h a t   t h e   s o r p t i o n   v a l u e s  (Kd) 
f o r   t h e   v i o l e t   d y e s   i n d i c a t e  a g r e a t e r   s o r p t i o n   t o   t h e  
gram-posi t ive as compared to   the  gram-negat ive  organisms.   Moats  
and Maddox ( 1 9 7 8 )   t e s t e d   t h e   e f f e c t s  of pH on c r y s t a l   v i o l e t  
a n t i m i c r o b i a l   a c t i v i t y .  T h e y   f o u n d   t h a t   c r y s t a l   v i o l e t   w o u l d  be 
expec ted   to   remain   a lmost   comple te ly   ion ized   over   the  pH range  of 5 
t o  9. The re fo re ,   so rp t ion   o f   t he   pos i t i ve ly   cha rged   fo rm of 
g e n t i a n   v i o l e t   t o   a n i o n s  i n  s o i l s   m i g h t   b e   p r e d i c t e d   i n  t h i s  pH 
range. 

McDonald  and C e r n i g l i a   ( 1 9 8 4 )   f o u n d   t h a t   t h e   i n t e s t i n a l   m i c r o f l o r a  
o f   s eve ra l   spec ie s   (humans ,  rats,  and   ch ickens)   metabol ized   gent ian  
v i o l e t   t o   l e u k o g e n t i a n   v i o l e t .  A t t e m p t s  a t  e x t r a c t i o n   o f   t h i s  
m e t a b o l i t e   f r o m   m i c r o f l o r a l   c u l t u r e s   i n d i c a t e d   t h a t   t h e   m a j o r  
p o r t i o n   o f   t h e   m e t a b o l i t e  was bound t o   t h e  c e l l s  and  not   found  in  
the   supe rna tan t . .  



-7 - 

Kwasneiwska (11985) r e p o r t s   t h e   c o n f i r m e d   p r e s e n c e   o f   c r y s t a l   v i o l e t  
i n  the sedimeint  and water o f   t h e   B u f f a l o   R i v e r ,   n e a r   B u f f a l o ,  N.Y. 
This r e p o r t  w a s  based  upon  the  s tudy by Nelson  and Hites (1980).  
Diachenko  (19'79)  found  several   aromatic  amine compounds i n   B u f f a l o  
R i v e r   f i s h   w h i c h  may have   r e su l t ed   f rom  the   manufac tu re   o f  
t r ia ry lmethane   dyes   and  he was c o n c e r n e d   a b o u t   t h e   p o t e n t i a l   f o r  
b i o m a g n i f i c a t i o n   b y   f i s h   o f   t h e s e  compounds. S h o r t l y   t h e r e a f t e r ,  
Nelson  and  Hiltes  (1980)  took  sediment  samples  from  the  Buffalo 
R ive r  and  soi l l   ssnples   near  i t s  bank t o   d e t e r m i n e   i f  a nearby  dye 
manufac tur ing   p lan t   might   be   the   source  of t h i s  contaminat ion.  

Nelson  and Hites (1980)   found   t ha t   t hey   cou ld   i den t i fy  11 a romat i c  
amines   in   bo th   th2   sed iment  a d  5 G i l  s amples   t ha t  were r e l a t e d  ta 
t he  commercial. p r o d u c t i o n   o f   c r y s t a l   v i o l e t   a n d   m a l a c h i t e   g r e e n .  
The  leuko  forms of b o t h   g e n t i a n   v i o l e t  and ma lach i t e   g reen  were two 
o f   t h e s e   i d e n t i f i e d  compounds. The h i g h   c o n c e n t r a t i o n s  of v a r i o u s  
a romat i c  amines  i n   t he   so i l   s amples   caused   Ne l son   and  Hites t o  
s u g g e s t   t h a t   " ' t h i s  pa r t i cu la r  s i t e  may have  been  used as a chemical  
dump by the   dyes tu f f   manufac tu re r . "   These   au tho r s   s ay   t ha t  
s t r u c t u r a l  similarities a n d   c o n c e n t r a t i o n   r a t i o s   o f   t h e s e  compounds 
s u g g e s t   t h a t   t h e s e   c h e m i c a l s  may have   en tered   the  water and 
sediment   of  t h . e  r i v e r   v i a   r u n o f f   a n d   l e a c h i n g  from the chemical  
dump. Nelson  and Hites c o n c l u d e   t h a t  some o f   t h e s e  compounds could  
be  mutagenic o r  c a r c i n o g e n i c  and t h e r e f o r e  may poss ib ly   be  
r e s p o n s i b l e  far the   t umors   obse rved   i n   f i sh   t aken   f rom  the   r i ve r  
(Black e t  al . ,  1980). 

f .   Degrada t ion :  One  common means  used t o   d e t e c t   t h e   " d e g r a d a t i o n "  of 
g e n t i a n   v i o l e t  i s  v i a   t h e   d e c o l o r i z a t i o n  of s o l u t i o n s   o r   m e d i a  
c o n t a i n i n g   g e n t i a n   v i o l e t .   I n  some cases t h i s   d e c o l o r i z a t i o n  
p robab ly   r ep resen t s  a s i g n i f i c a n t   d e g r a d a t i o n   o f   t h e   g e n t i a n   v i o l e t  
molecule   (Green e t  a l . ,  1979). However, i n   s e v e r a l   o t h e r  cases 
p resen ted   be low,   t he   deg rada t ion   r epor t ed  may s i m p l y   r e p r e s e n t  a 
t r a n s f o r m a t i o n  of t h e   c o l o r e d   g e n t i a n   v i o l e t   i n t o  i ts  c o l o r l e s s  
leuko  form.   Note   tha t   upon  the   es tab l i shment   o f   appropr ia te  
c h e m i c a l   c o n d i t i o n s ,   t h e   l e u k o   f o r m   o f   g e n t i a n   v i o l e t   ( a n d   o f   t h e  
c h e m i c a l l y   c l o s e l y   r e l a t e d   t r i a r y l m e t h a n e   d y e ,   m a l a c h i t e   g r e e n )   c a n  
be r e a d i l y   c o n v e r t e d   b a c k   i n t o   t h e   p a r e n t  compound (Poe  and  Wilson, 
1983;  Reszka e t  a l . ,  1986; S e l t z e r , , l 9 8 6 ) .  

(1 Photodegradation:  Rush.ing  and Bowman (1980)   mixed  var ious 
l e v e l s   o f   g e n t i a n   v i o l e t   i n t o   a n i m a l   f e e d s  and s t o r e d  them e i t h e r  
i n  t h e   o p e n   e x p o s e d   t o   l i g h t   f o r   1 6   d a y s ,   o r   i n  amber b o t t l e s   i n  
t h e   d a r k   f o r  up t o  17 weeks. These researchers found   t ha t   t he  
l e v e l s   o f   g e n t i a n   v i o l e t   i n   t h e   f e e d   d e c r e a s e d   u n d e r   b o t h  
c o n d i t i o n s .   T h e y   c o n c l u d e d   t h a t   t h e   g e n t i a n   v i o l e t   r e s i d u e s   i n  
an ima l   f eed   dec l ine   marked ly   due ,  i n  p a r t ,   t o   p h o t o d e g r a d a t i o n  
a n d / o r   o x i d a t i o n .   T h e y   t h e n   e x p o s e d   g e n t i a n   v i o l e t   ( i n   m e t h a n o l )  
to  i n c a n d e s c e n t   l i g h t  f o r  19 days  and no g e n t i a n   v i o l e t   r e s i d u e  was 
d e t e c t e d .  
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Docampo e t  a l .  ( 1 9 8 3 )   f o u n d   t h a t   g e n t i a n   v i o l e t  was reduced   to   the  
t r i a t y l m e t h y l -   f r e e   r a d i c a l  upon   exposure   t o   i ncandescen t   l i gh t  and 
a n a e r o b i c   c o n d i t i o n s .  This was found to  be  the same f r e e   r a d i c a l  
as was formed by enzymat ic   reduct ion  i n  p a r a s i t i c   p r o t o z o a n s  
( t r y p a n o s o m e s ) .   T h i s   f r e e   r a d i c a l  was no t   found   i n   t he   p re sence   o f  
a i r .  

Reszka e t  a l .  ( 1 9 8 6 )   a l s o   f o u n d   t h a t   c r y s t a l   v i o l e t  was reduced   t o  
t h e   t r i a r y l m e t h y l   f r e e   r a d i c a l  by v i s i b l e   l i g h t  and anae rob ic  
c o n d i t i o n s .  They a l s o  f o u n d   t h a t ,   u n d e r   a e r o b i c   c o n d i t i o n s ,   t h e r e  
a p p e a r s   t o   b e  a r e d o x   c y c l i n g   o f   t h e   c r y s t a l   v i o l e t   f r e e   r a d i c a l  
m e t a b o l i t e  and the   regenera t ion   of   the   paren t   dye .  

( 2 )  Thermal   degradat ion:  Water ba th   t empera tu res  in excess   o f  
55°C w i l l  d e g r a d e   g e n t i a n   v i o l e t   ( R u s h i n g  and Bowman, 1980).  

( 3 )  C h e m i c a l   d e g r a d a t i o n :   L i t t l e f i e l d  e t  a l . ,  (1985) claim t h a t  
g e n t i a n   v i o l e t  i s  r e a d i l y   r e d u c e d   t o   t h e   c o l o r l e s s   l e u k o   f o r m  by a 
va r i e ty   o f   i no rgan ic   r educ ing   agen t s .   I n   con t r a s t ,   Kwasn iewska ,  
(1985)   sa id  t h a t  c r y s t a l   v i o l e t  i s  e x t r e m e l y   s t a b l e  and  not 
a f f e c t e d  by d i l u t e   a c i d ,   b a s e ,   o x i d i z i n g ,   o r   r e d u c i n g   a g e n t s .  

(4 )   B iodegrada t ion :   C la rke  and Anl iker   (1984)   acknowledge   tha t ,  
i n   g e n e r a l ,  "d:yes  do  not r e a d i l y   u n d e r g o   a e r o b i c   b i o d e g r a d a t i o n  and 
c e r t a i n l y   n o t   t o   a n y   s i g n i f i c a n t   e x t e n t   d u r i n g   p a s s a g e   t h r o u g h  a 
b i o l o g i c a l   e f f l u e n t   t r e a t m e n t   p l a n t . "   S i m i l a r l y ,   P a g g a  and Brown 
( 1 9 8 6 )   t e s t e d  87 d y e s   i n   s h o r t - t e r m   b i o d e g r a d a t i o n  tests and 
conf i rmed   t ha t   "dyes tu f f s  are most u n l i k e l y   t o  show a n y   s i g n i f i c a n t  
b i o d e g r a d a t i o n   i n   s u c h  tests." 

The r e s u l t s  of t h e   s t u d i e s   s p e T i f i c a l l y   e x a m i n i n g   t h e  
b i o d e g r a d a t i o n   o f   g e n t i a n   v i o l e t  are q u i t e   d i v e r s e .   M i c h a e l s  and 
L e w i s  (1986)   found   t ha t   gen t i an   v io l e t  was s lowly  degraded  over  a 
15-day pe r iod  by f i e l d   i s o l a t e s   o f   a e r o b i c   m i c r o b e s .  They  conclude 
t h a t   t h e   t o x i c i t y   o f   t h i s   p e r s i s t e n t   d y e  may d e c r e a s e   t h e   o v e r a l l  
mine ra l i za t ion   o f   o rgan ic   compounds ,   un le s s  i t  i s  r a p i d l y   d e g r a d e d  
by anae rob ic   popu la t ions .  

I n   c o n t r a s t ,  Kwasniewska  (1985)  found t h a t   c r y s t a l   v i o l e t  was 
r a p i d l y   d e g r a d e d  by  two s p e c i e s   o f   o x i d a t i v e   r e d   y e a s t s   ( h a l f  
l i f e  = t 1/2 = 2.5 to 3 d a y s ) ,   h o w e v e r ,   t h e   i n v e s t i g a t o r   a l s o   f o u n d  
t h a t   c r y s t a l   v i o l e t  was not   degraded a t  a l l  i n  30 days  by a 
f e r m e n t a t i v e   y e a s t .  

C r y s t a l   v i o l e t  was found  to   be   degraded  by o n l y   t h r e e   o f   t h e   s e v e n  
d i f f e r e n t   s t r a i n s   o f   b a c t e r i a   t e s t e d  by Green e t  a l .  (1979) .   This  
d e c o l o r i z a t i o n   o f   g e n t i a n   v i o l e t   d i d   n o t   a p p e a r   t o   b e   d u e   t o  a 

. r e d u c t i o n   ( t o   t h e   l e u k o   f o r m )  or t o   r e s u l t  f rom  enzymat i c   ac t iv i ty .  

Basic V i o l e t  3 was degraded by a "dye a s s i m i l a t i n g   b a c t e r i a "   w i t h  a 
t 1 /2 of  from 53 to  61   hours  (Yatome e t  a l . ,  1981  a&b).  However, 
t h e  same i n v e s e i g a t o r s   f o u n d   t h a t  Rasic V i o l e t  3 was not   degraded  
s u f f i c i e n t l y   i n   f o u r   d a y s   . f o r   a n y  t 1 / 2 ' s  t o  b e   c a l c u l a t e d   f o r   t h e  
f o u r   s t r a i n s  oE b a c t e r i a   t h a t   t h e y   i s o l a t e d   f r o m   a c t i v a t e d   s l u d g e  
(Yatome e t  a l . ,  1984).  



-9- 

c, 

Gent ian   v io le t :  was m e t a b o l i z e d   p r i m a r i l y   i n t o   l e u k o g e n t i a n   v i o l e t  
by  human, rat!, and c h i c k e n   i n t e s t i n a l   m i c r o f l o r a  and  by n i n e   g e n e r a  
of  s t r ic t  and f a c u l t a t i v e   a n a e r o b i c   b a c t e r i a  (McDonald  and 
Cemiglia, 1984) .   Leukogent ian   v io le t  was not   formed  under   aerobic  
o r   a n a e r o b i c   c : o n d i t i o n s   f o r  two o t h e r   s p e c i e s   o f   f a c u l t a t i v e  
anaerobes.  

The a u t h o r s  s ta te  t h a t   t h e   m e t a b o l i s m   o f   g e n t i a n   v i o l e t  by s o i l  
a n a e r o b e s   a n d   l i g h t   c o u l d   c o n t r i b u t e   t o   t h e   l e u k o g e n t i a n   v i o l e t  
t h a t  w a s  d e t e c t e d  as an   envi ronmenta l   contaminant   in   so i l s   and  
sed iments   near  a d y e   p r o d u c i n g   f a c i l i t y  on t h e   B u f f a l o   R i v e r   ( s e e  
McDonald  and Cern ig l i a ,   1984 ,   f i de   Ne l son  and Hites, 1980).  

G e n t i a n   v i o l e t ' s   m a j o r   i n   v i t r o   m e t a b o l i t e s   f r o m   t h e   l i v e r  
mic rosomes   o f   ch i ckens   and   s eve ra l   s t r a ins   o f   roden t s  were s t e p w i s e  
demethyla ted   ana logs  of g e n t i a n   v i o l e t  (McDonald e t  a l . ,  1984).  
The d e m e t h y l a t e d   a n a l o g s   o f   g e n t i a n   v i o l e t  were the  major  
m e t a b o l i t e s   d e t e c t e d  i n  t he   exc re t a   o f   ch i ckens   dosed   o ra l ly   w i th  
g e n t i a n   v i o l e t  (McDonald,  1985). 

G e n t i a n   v i o l e t  i s  r educed   t o  a t r i p h e n y l m e t h y l   f r e e   r a d i c a l  
metabol i te   by  r a t  l i v e r  microsomes  (Harrelson  and  Mason,  1982). 
Rat l i ve r   mic rosomes  may also i n c r e a s e   o r   d e c r e a s e   c r y s t a l   v i o l e t  
a c t i v i t y   a g a i n s t   v a r i o u s   b a c t e r i a l   s t r a i n s   u s e d   t o   d e t e c t  
mu tagen ic i ty  ('Thomas  and MacPhee,  1984). 

Leukogen t i an   v . io l e t   accoun ted   fo r  a t  least  11% o f   t h e   r e s i d u e s  
found i n   t h e   f ' e c e s  of a r a t  d o s e d   o r a l l y   w i t h   g e n t i a n   v i o l e t  
(McDonald  and Cern ig l i a ,   1984) .  

5 .  E f f e c t s   o f   g e n t i a n   v i o l e t   i n   t h e   e n v i r o n m e n t .  

a. Microorganisms:   Gent ian   v io le t   has   long   been  known t o   i n h i b i t   t h e  
g r o w t h   o f   c e r t a i n   b a c t e r i a ,   f u n g i ,  and p a r a s i t e s  (Docampo e t  a l . ,  
1983). These a u t h o r s   a l s o   r e p o r t   t h a t  i t  has   a l so   been   u sed  as an  
a n t i s e p t i c   f o r  newborns  and t o   c o n t r o l   f u n g a l  and i n t e s t i n a l  
p a r a s i t e s   i n  humans. 

Moats  and Maddox (1978)   s ay   t ha t   t he   t r i pheny lme thane   dyes ,   such  as 
g e n t i a n   v i o l e t , ,  are " r e m a r k a b l y   e f f e c t i v e   i n   i n h i b i t i n g   t h e   g r o w t h  
of  some t y p e s   o f   b a c t e r i a "   w i t h   t h e   g r a m - p o s i t i v e   b a c t e r i a ,   i n  
g e n e r a l ,   b e i n g  more s e n s i t i v e   t h a n  are the   g ram-nega t ive   bac t e r i a .  
They r e p o r t   t h a . t   g e n t i a n   v i o l e t  was o n e   o f   t h e   d y e s   t h e y   s e l e c t e d  
because i t  was "among t h e  most i n h i b i t o r y   t o   m i c r o o r g a n i s m s   o f  a 
large number surveyed by va r ious   worke r s . "   These   au tho r s   r epor t  
t h a t  pH cou ld   have   an   e f f ec t   on   t he   dye   concen t r a t ions   t ha t  would 
permit growth o f  bo th   dye   r e s i s t an t   and   dye   s ens i t i ve   o rgan i sms .  
A t  pH 7 ,   t h e   g e n t i a n   v i o l e t   c o n c e n t r a t i o n s   p e r m i t t i n g   g r o w t h   r a n g e d  
from  0.1 t o  1.0 ppm f o r   t h e   d y e   s e n s i t i v e   o r g a n i s m s   a n d  5 t o  10 ppm 
f o r   t h e   d y e   r e s , i s t a n t   o r g a n i s m s .  

Michaels and L e w i s  (1985)  a l s o  r e p o r t   t h a t  Basic V i o l e t  3 has  been 
used  €or  a long  time as a n   i n h i b i t o r y   a g e n t   i n   m i c r o b i o l o g i c a l  
media.  The b a c t e r i o s t a t i c   a c t i v i t y   o f   t r i p h e n y l m e t h a n e   d y e s ,  of 
w h i c h   g e n t i a n   v i o l e t   a p p e a r s   t o   b e   o n e   o f   t h e  more a c t i v e ,  i s  v i a  
i n t e r f e r e n c e   w i t h  c e l l  metabol ism  (Green e t  a l . ,  1979).  



-1 0- 

McDonald  and C le rn ig l i a   (1  984 i n c u b a t e d   t h e   i n t e s t i n a l   m i c r o f l o r a  
of  humans, rats,  and   ch ickens .   They   no ted   tha t   gent ian   v io le t  a t  a 
c o n c e n t r a t i o n   o f  2% ppm i n   t h e   i n c u b a t i o n  medium d i d   n o t   i n h i b i t  
b a c t e r i a l   g r o w t h .  

Idaka  e t  a l .  ( 1 9 8 5 )   t e s t e d   t h e   e f f e c t   o f   c r y s t a l   v i o l e t  upon t h e  
mic roorgan i sms   p re sen t   i n   t he   ac t iva t ed   s ludges   o f  a wastewater 
t rea tment   p lan t .   They   found  tha t  a c r y s t a l   v i o l e t   c o n c e n t r a t i o n   o f  
about  80 mg/L (ppm) a f f e c t e d   t h e   g r o w t h  rate and  tended  to 
d e a c t i v a t e   t h e   s l u d g e   m i c r o b e s .   T h i s   e f f e c t  on growth was reduced 
by r e p e a t e d   c u . l t i v a t i o n   o f   t h e   m i c r o b e s   i n   t h e   p r e s e n c e   o f   t h i s  
dye. 

S i m i l a r l y ,  Brown e t  a l .  ( 1 9 8 1 )   t e s t e d   f o r   t h e   i n h i b i t o r y   e f f e c t   o f  
202 d y e s t u f f s  on a e r o b i c  waste-water b a c t e r i a .  They   es t imated   the  
IC50 ( c o n c e n t r a t i o n   c a u s i n g   5 0 %   i n h i b i t i o n   o f   r e s p i r a t i o n )   f o r  
Basic V i o l e t  3 t o  be 10-100 mg/L ( a t   t h r e e   h o u r s ,  20% i n h i b i t i o n  
f o r  10 ppm and 80% i n h i b i t i o n   f o r  100  ppm).  Only 18 o f   t he  202 
d y e s   t e s t e d  showed  an IC50 of less  than  100 ppm. 

Methyl v i o l e t   ( B a s i c   V i o l e t   1 )  and malachi te   g reen   (Bas ic   Green  4 )  
are two o t h e r   t r i p h e n y l m e t h a n e   d y e s   t h a t  are b o t h   s t r u c t u r a l l y   v e r y  
similar to   gen t i an   v io l e t   (Co lour   Index ,   1971 ;   Michae l s  and  Lewis, 
1985).  These  two  dyes were t e s t e d   f o r   t h e  American Dye 
M a n u f a c t u r e r s   I n s t i t u t e   f o r   e f f e c t s  upon aerobic   and   anaerobic  
wastewater t rea tment   sys tems ( E t z e l  and  Grady,  1973;  Hunter,  1973). 

Hun te r   (1973)   ' r epo r t s   t ha t   bo th   o f   t hese   dyes  were de termined   to   be  
some o f   t h e   m o s t   i n h i b i t o r y   t o w a r d s   a e r o b i c   m i c r o b i a l   s y s t e m s ,   i n  
bo th  wastewater t r e a t m e n t   ( a c t i v a t e d   s l u d g e )  and n a t u r a l  stream 
p u r i f i c a t i o n   p r o c e s s e s   ( b i o l o g i c a l   o x i d a t i o n  of stream o r g a n i c  
mat te r ) .   These  two dyes  were t e s t e d  a t  c o n c e n t r a t i o n s  of up t o  25 
mg/L. E t z e l  and  Grady  (1973)  found  that  Basic V i o l e t  1,  but   no t  
Basic Green 4 ,  had a v e r y   d e f i n i t e   i n i t i a l   i n h i b i t o r y   e f f e c t  upon 
anae rob ic   d iges t e r s   r ece iv ing   p r imary   s ewage   s ludge .   These   au tho r s  
r e p o r t   t h a t   t h i s   i n h i b i t i o n  was seen  "at  a c o n c e n t r a t i o n  of o n l y  40 
mg/ l , "   bu t   t ha t  a r e c o v e r y   f r o m   t h i s   i n h i b i t i o n  was s e e n   a f t e r  
about  two week:;. I n  c o n t r a s t ,  Basic Green 4 ( a t   l e v e l s  of 150 ppm) 
d i d   n o t   a p p e a r   t o   h a v e   a n y   s i g n i f i c a n t   e f f e c t   u p o n   a n a e r o b i c  
d i g e s t i o n   o f  sewage  sludge. 

Michaels  and L e w i s  ( 1 9 8 5 )   t e s t e d   t h e   a c t i v i t y   o f   g e n t i a n  
v i o l e t ,  a t  0.5 o r  5.0 mg/L (ppm) i n  agar p l a t e s ,   a g a i n s t   f i e l d  
i s o l a t e s   o f   b a c t e r i a  and algae. They   found   t ha t   t he   mic rob ia l  
s u r v i v a l  rates were only  70% o r  21% a t  t h e s e  two c o n c e n t r a t i o n s .  
T h e y   c o n c l u d e   t h a t   g e n t i a n   v i o l e t  showed r e l a t i v e l y   h i g h   t o x i c i t y  
t o   a q u a t i c   b a c t e r i a  a t  5 ppm and t h a t   s u c h   t o x i c i t y   c o u l d   c a u s e  a 
r e d u c t i o n   i n   t h e   c o n c e n t r a t i o n   o f   h e t e r o t r o p h i c   b a c t e r i a l  
popu la t ions .  l:n t u r n ,   t h i s   c o u l d   d e c r e a s e   t h e   n o r m a l  
m i n e r a l i z a t i o n  of o r g a n i c  compounds, u n l e s s   g e n t i a n   v i o l e t  was 
degraded by anaerobic   microbes .  
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Gentian vio le t   has   been   used  as a n   a n t i f u n g a l   a g e n t   i n   p o u l t r y  
f e e d s   a n d   h a s   b e e n   d e t e r m i n e d   t o   e x h i b i t   a n   o v e r a l l   a n t i f u n g a l  
a c t i v i t y  greater than  some o t h e r  compounds u s e d   i n   t h i s  manner 
(Chen  and  Day,,  1974; Hall and  Hamilton,  1982;  Stewart  e t  a l . ,  
1977) .   Stewart  e t  a l .  ( 1 9 7 7 )   r e p o r t   c r y s t a l   v i o l e t   e x h i b i t i n g  mold 
i n h i b i t i n g   a c t : i v i t y  a t  l e v e l s  > 2 ppm (ug/ml) .  - 
Kropinski  e t  al. (1978)   examined   t he   suscep t ib i l i t y   o f  a p a r e n t a l  
s t r a . i n  and mutants o f  Pseudomonas a e r u g i n o s a   t o   c r y s t a l   v i o l e t .  
The minimum i n h i b i t o r y   c o n c e n t r a t i o n  (MIC) f o r   t h i s   d y e  was 
de termined   to   be   0 .625  m g / m l  (625 ppm) 

Kowalska (1364.) t e a t e d  a v a r i s t y  of a l t i b a c t e r i a l s  for a c t i v i t y  
a g a i n s t   b a c t e r i a   t h a t   c a u s e   b e e   b r o o d   d i s e a s e s .   C r y s t a l   v i o l e t  was 
m o d e r a t e l y   e f f e c t i v e  i n  i n h i b i t i n g   t h e s e   b a c t e r i a ,   w i t h  MIC's 
ranging  from 80 t o  300 ppm. 

Gen t i an   v io l e t   and  i t s  leuko  metabol i te   have   been   found  to   be  
d i r e c t l y   t o x i c :   t o   o r   m u t a g e n i c  i n  a v a r i e t y   o f   m i c r o b i a l   g e n e t i c  
t o x i c i t y  tes t  systems  (Hass  e t  a l . ,  1986;  Levin e t  a l . ,  1982; 
L i t t l e f i e l d  et. al . ,  1985; Thomas  and  MacPhee, 1 9 8 4 ) .   I n   f a c t ,  
t h e s e  test systems  can  be so " e x c e p t i o n a l l y   s e n s i t i v e   t o   t h e   t o x i c  
e f f e c t s   o f  crystal  v i o l e t "   t h a t   t h i s  compound is  used as  t h e  
s t a n d a r d   d i a g n o s t i c  test f o r   t h e   p r e s e n c e   o f   c e r t a i n   m u t a t i o n s  iu 
A m e s  s t r a i n s  o'f b a c t e r i a  (Thomas  and  MacPhee, 1984).  

b. O t h e r   s i n g l e  ce l l  assays :  The b i o a c t i v i t y   o f   g e n t i a n   v i o l e t  
e x t e n d s   t o   c e r t a i n   p r o t o z o a n   p a r a s i t e s   f o u n d   i n  human blood 
( t rypanosomes) .  Docampo e t  a l .  ( 1 9 8 3 )   r e p o r t   t h a t   g e n t i a n   v i o l e t  
i s  widely  used  in   blood  banks i n  a t t e m p t s   t o   e l i m i n a t e   t h e  
t r ansmiss ion   o f   Chagas '   d i sease  by b l o o d   c o n t a i n i n g   t h e   p a r a s i t e  
Trypanosoma c r u z i .  Growth  of a l i f e   s t a g e   o f   t h i s  parasite was 
s u b s t a n t i a l l y   i n h i b i t e d  by 1.2 uM g e n t i a n   v i o l e t   ( 0 . 5  ppm) i n   t h e  
l i g h t .   T h i s  parasi te 's  growth was less i n h i b i t e d  by g e n t i a n   v i o l e t  
t rea tments   which  were c a r r i e d   o u t   i n   t h e   d a r k .  

-- 

G e n t i a n   v i o l e t   c a n  a l so  c a u s e   c y t o t o x i c   e f f e c t s   i n  mammalian c e l l  
c u l t u r e   s y s t e m s   d e s i g n e d   t o   l o o k   f o r   g e n e t i c   t o x i c i t y  of t es t  
compounds (Au e t  al.,  1978) .   These   au tho r s   r epor t   t ha t   gen t i an  
v i o l e t  i s  a m i r o t i c   p o i s o n ,   c a u s e s  chromosome  breakage,  and  they 
t h i n k   t h a t  i t  should  be  considered a b iohazardous   subs tance   because  
i t  c a u s e d   s e v e r e   c y t o g e n e t i c   t o x i c i t y ,  "among t h e   h i g h e s t  of a l l  
compounds t h u s   f a r   t e s t e d . "  

c. Aquat ic   animals:  Lio-Po  and S a n v i c t o r e s   ( 1 9 8 6 )   r e p o r t   o n   t h e  
t e s t i n g   o f   c r y s t a l   v i o l e t  as a f u n g i c i d e  to  p ro tec t   sh r imp   (Penaeus  
monodon)  grown i n   a r t i f i c i a l   r e a r i n g   s y s t e m s .  The s e n s i t i v i t i e s   o f  
v a r i o u s   l i f e  stages of these   shr imp t o  c r y s t a l   v i o l e t  were 
t e s t e d   i n  a s ta t ic  b ioassay   sys tem.   Exposure   o f   shr imp  eggs   o r  
larvae t o  1 ppm of c r y s t a l   v i o l e t   d i d   n o t   a f f e c t   t h e  egg h a t c h i n g  
ra te ,  however ,   none   of   the   l a rvae   surv ived   beyond  the   f i r s t   day   of  
expos  ure  . 
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N i s h i u c h i  (1984) t e s t e d   t h e   t o x i c i t y   o f   c r y s t a l   v i o l e t   a n d  
m a l a c h i t e   g r e e n   t o   s e v e r a l   f r e s h w a t e r   o r g a n i s m s .   B o t h   o f   t h e s e  
compounds d e m o n s t r a t e d   " s t r o n g   t o x i c i t y "   t o   f i s h ,   f r o g s ,  and o t h e r  
f r e shwa te r   o rgan i sms   w i th  a c o n s i s t e n t   r a n g e   o f  LC5O' s  
( c o n c e n t r a t i o n   l e t h a l   t o   h a l f   o f   t h e   o r g a n i s m s )   o f   f r o m  0.09 t o  
1 . 3  ppm. 

i 

T h i s   r e s u l t  wa.s suppor ted  by test d a t a   o n   t h e   t o x i c i t y  of t h e  
c r y s t a l   v i o l e t   s t r u c t u r a l   a n a l o g s ,   m e t h y l   v i o l e t  and   malachi te  
g r e e n   ( L i t t l e  and Lamb, 1973) .   These   au tho r s   t e s t ed   t he  s t a t i c  
a c u t e   ( 9 6   h r )   t o x i c i t y  of 46 d y e s   t o  Khe f a t h e a d  minnow. Methyl 
v i o l e t  and  malachi te  green were t h e  two m o s t   t o x i c   d y e s   t e s t e d ,  
w i th  LC5O's = 3.05 ppm and C. 12 p p ,  r e s p e c t i v e l y .  

C l a r k e   a n d   A n l i k e r   ( 1 9 8 4 )   s u r v e y e d   t h e   a v a i l a b l e   f i s h   t o x i c i t y   d a t a  
on over   3 ,000  commercial   dye  products .   Only 27 of t h e  3,000 
compounds were f o u n d   t o   r e s u l t   i n  LC50's <1 mg/L (ppm).  Gentian 
v i o l e t ,   m e t h y l   v i o l e t ,  and ma lach i t e   g reen  are a l l  s t r u c t u r a l l y  
c l o s e l y   r e l a t e d  and  they a l l  d e m o n s t r a t e   a c u t e   t o x i c i t i e s   t o   f i s h  
t h a t  are i n  t h i s  range .   This   g roup   of   t r iphenylmethane   dyes  
t h e r e f o r e   a p p e a r s   t o   b e  among t h e  most a c u t e l y   t o x i c   t o   f i s h   o f  a l l  
t h e   d y e s   t e s t e d .  

d. Labora tory  mammals: EPA ( 1 9 8 1 )   r e p o r t s   t h a t   g e n t i a n   v i o l e t  i s  
m o d e r a t e l y   a c u t e l y   t o x i c  and l i s t s  t h e   a c u t e   o r a l  LD50's (dose  
l e t h a l   t o   h a l f   t h e   o r g a n i s m s )   f o r   t h e  mouse  and the ra t  as = 
405  mg/kg  and  180  mg/kg, r e s p e c t i v e l y .   T h e   l o w e s t   i n t r a p e r i t o n e a l  
d o s e   t h a t  was f a t a l   t o   t h e  mouse, ra t ,  and  guinea  pig  ranged  from 
10 mg/kg t o  20 mqlkg. 

L i t t l e f i e l d  e t  a l .  (1985)  t e s t e d   g e n t i a n   v i o l e t   f o r  i t s  c h r o n i c  
t o x i c i t y  a n d   c a r c i n o g e n i c   e f f e c t   i n  mice. The   au thors   conc lude  
t h a t   " g e n t i a n   . v i o l e t   a p p e a r s   t o   b e  a c a r c i n o g e n   i n  mice a t  s e v e r a l  
d i f f e r e n t   o r g a n  sites." A d d i t i o n a l   i n f o r m a t i o n   c o n c e r n i n g   t h e  
ca rc inogen ic i t : g   and   mu tagen ic i ty   o f   gen t i an   v io l e t  i s  c o n t a i n e d   i n  
FDA's p r o p o s a l   t o   d e c l a r e   g e n t i a n   v i o l e t  a f o o d   a d d i t i v e  when added 
t o   a n i m a l   f e e d .  
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Appendix B: Environmental   Assessment Data f o r   P r o p i o n i c   A c i d  

1. C h e m i c a l   i d e n t i t y   a n d   p r o p e r t i e s .  

a. Common names: p rop ion ic   ac id   (The  Merck  Index,  1976) 
propanoic  acid  (The  Merck  Index,  1976) 
me thy lace t i c   ac id   (The  Merck  Index,  1976) 
e t h y l f o r m i c   a c i d   ( T h e  Merck Index,  1976) 
carboxyethane (RTECS, 1982) 

h. Chemical  names: Same as common names 

c. CAS r e g i s t r y  number: 79-09-4  (RTECS, 1982) 

d . S t r u c t u r e  : 

H - C - C - C = O  

I t  
H H  

f .   Molecu la r   we igh t :  74.08  (The  Merck  Index,  1976) 

E. Mel t ing   po in t :  - 22OC (Verschueren,   1977)  

h. Ro i l ing   Do in t :  141OC (Verschueren,  1977) 

i. S p e c i f i c   g r a v i t y :  0.992 (Verschueren,  1977) 

j . F l a s h   p o i n t ,   C l e v e l a n d  Open  Cup, OF: 150  (Kirk-Othmer,  1968) 

k. P h y s i c a l   d e s c r i p t i o n :  A w a t e r - w h i t e   l i q u i d   w i t h  a s h a r p ,  
i r r i t a t i n g   o d o r   r e s e m b l i n g   s t r o n g   v i n e g a r   ( K i r k - O t h m e r ,   1 9 6 8 )  

2. I n t r o d u c t i o n   i n t o   t h e   e n v i r o n m e n t   t h r o u g h   m a n u f a c t u r i n g .  

The   1984  Uni ted   S ta tes   p roduct ion   of   p ropionic   ac id   for  a l l  u ses  was 
reported  to   be  95,8617,000  pounds,   of   which  78,817,000  pounds were s o l d  
a t  22 c e n t s   p e r  pound, f o r  a to t a l   va lue   o f   $17 ,020 ,000  (USITC, 1985).  

Fo rmer ly ,   t he   p r inc i .pa1   sou rce   o f   p rop ion ic   ac id  w a s  t h e   l i q u i d  
condensa te   f rom  the   manufac ture   o f   charcoa l .   The   oxo   process  is  t h e  
ma jo r   me thod   o f   manufac tu re ,   i nvo lv ing   t he   r eac t ion  of e thy lene   and  
ca rbon   monox ide   unde r   r educ t ive   cond i t ions .   La rge   quan t i t i e s   o f   t he  
a c i d  are a l s o   o b t a i n e d   f r o m   l i q u i d - p h a s e   o x i d a t i o n   o f   p r o p a n e ,   b u t a n e ,  
mixed p a r a f f i n s   a n d   p a r a f f i n  w a x .  A f u r t h e r   p r o c e s s  is  t h e   d i r e c t  
o x i d a t i o n  of 1 -p ropano l   w i th   n i t r i c   ac id   (K i rk -Othmer ,   1968) .  
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c P r o p i o n i c   a c i d  an.d i t s  salts  f i n d   u s e s   i n   t h e   p r o d u c t i o n   o f   p l a s t i c s ,  
f i b e r s ,  mold i n h i b i t i o n   i n  human and  animal   feeds,  and i n   t h e  
p r o d u c t i o n   o f   v a r i o u s   h e r b i c i d e s ,   d r u g s ,   p e r f u m e s   a n d   f l a v o r s  
(Kirk-Othmer,  1968). 

N e i t h e r  OSHA nor  N I O S H  h a s   a n y   e x p o s u r e   s t a n d a r d   o r  cri teria f o r  
p r o p i o n i c   a c i d  ACGIH h a s   e s t a b l i s h e d  a Threshold L i m i t  Value  of 
10 ppm (30 mg/m ), which i s  l a r g e l y   b a s e d  on ana logy   wi th  acet ic  a c i d  
and i s  i n t e n d e d   t o   p r e v e n t   u n d u e   i r r i t a t i o n   t o   t h e   e y e s  and r e s p i r a t o r y  
passages.  Symptoms o f   o v e r e x p o s u r e   f r o m   i n h a l a t i o n   i n c l u d e   s o r e  
th roa t ,   cough ing   and   sho r tnes s   o f   b rea th ;   f rom  eye   con tac t   r edness ,  
pa in   and   b lu r r ed   v i s ion ;   f rom  sk in   abso rp t ion   r edness   and   pa in  (NIOSH, 
1982). 

'3 

I t  i s  documented   tha t   p ropionic   ac id  i s  a component  of  domestic  sewage 
and o f   e f f l u e n t   f r o m  wastewater t r e a t m e n t   f a c i l i t i e s .   V e r s c h u e r e n  
(1977) l i s ts  p r o p i o n i c   a c i d  as p r e s e n t   i n   d o m e s t i c   ( u n t r e a t e d )   s e w a g e  
a t  1.2 t o  8 mg/L (ppm)  and t h a t   t h e   a v e r a g e   c o n t e n t   i n   s e c o n d a r y   s e w a g e  
e f f l u e n t   ( a   b i o l o g i c a l   t r e a t m e n t   p r o c e s s )  is  13.7  ppb. G o s s e t t  e t  a l .  
(1983)   measu red   qua r t e r ly   t he   concen t r a t ion   o f   p rop ion ic   ac id   i n  
e f f l u e n t  from t h e  Los  Angeles  County wastewater t r e a t m e n t   f a c i l i t y   f r o m  
November 1980  to   August   1981,   f inding  an  average  of  20 ppb.  The s o u r c e  
o f   p r o p i o n i c   a c i d   i n   t h e s e  wastes was n o t   i d e n t i f i e d .   T r u d e l l  e t  a l .  
( 1 9 8 5 )   f o u n d   t h a t   h i g h   s t r e n g t h   a c i d i c  wastewater c o n t a i n i n g  1,000 ppm 
prop ion ic   ac id   and  500 ppm acetic a c i d   c o u l d   b e   s u c c e s s f u l l y   t r e a t e d  
a n a e r o b i c a l l y .   L i n  e t  al .  (1986) were s u c c e s s f u l   i n   t r e a t i n g   e v e n  
h ighe r   concen t r a t ions   o f   mixed  low m o l e c u l a r   w e i g h t   v o l a t i l e   f a t t y  
a c i d s   ( i n c l u d i n g  a h igh   p ropor t ion   o f   p rop ion ic   ac id ) .  

No de ta i l s   cou ld   be   l oca t ed   on   t he   amoun t s   and   t ypes   o f   was t e s   t ha t  
might enter the   envi ronment  or the   workplace  as a .consequence   of   the  
p r o d u c t i o n   o f   p r o p i o n i c   a c i d   o r  i t s  a d d i t i o n   t o   f e e d s  as a f u n g i s t a t i c  
agen t .   Based   on   t he   r e l a t ive ly   h igh   vapor   p re s su re   and   l ow  odor  
th re sho ld   ( c i t ed   be tween   34  ppb and 20 ppm, see V o l a t i l i t y ,   b e l o w ) ,  
propionic   ac id   would   appear   to   be   more   o f   an   odor   cont ro l   p roblem 
dur ing   p roduc t ion ,  as worke r s   wou ld   be   ab le   t o   de t ec t  i t s  presence  
b e f o r e   o r   a b o u t   t h e  same time t h e  10 ppm T L V  was r e a c h e d   i n   t h e  
workplace.   Prolonged  exposure  would  be  expected  to  cause  eye  and 
mucous  membrane i r r i t a t i o n .  

3. I n t r o d u c t i o n s   i n t o   t h e   e n v i r o n m e n t   t h r o u g h   u s e   i n   a n i m a l   f e e d s .  

P r o p i o n i c   a c i d   a n d   p r o p i o n i c   a c i d  sa l ts  (such  as ca lc ium  p rop iona te )  
are a d d e d   t o   p o u l t r y   f e e d s  as f u n g i s t a t i c   a g e n t s .   D i l w o r t h  e t  a l .  
( 1 9 7 9 )   t e s t e d  a number  of f u n g i s t a t i c   a g e n t s ,   i n c l u d i n g   c a l c i u m  
propionate  a t  0.1% i n  p o u l t r y   f e e d s   w i t h   m o i s t u r e   l e v e l s  up to   15%,   and  
found   t ha t   t he re  were no s i g n i f i c a n t   e f f e c t s   o n   b r o i l e r   p e r f o r m a n c e  a t  
t h i s   c o n c e n t r a t i o n .   I n  a r e l a t e d   e x p e r i m e n t ,  Chen e t  a l .  (1979)  found 
t h a t   c a l c i u m   p r o p i o n a t e  a t  0.1% p r e v e n t e d   i n c r e a s e s   i n  mold  and y e a s t  
c o u n t s   a n d   p r e v e n t e d   c a k i n g   i n   p o u l t r y   f e e d s   w i t h   m o i s t u r e   l e v e l s  up t o  
15% f o r  a 4-week pe r iod   o f   s to rage .  Bacterial c o u n t s   i n c r e a s e d   d u r i n g  
t h i s   p e r i o d ,   h o w e v e r .   T a b i b . e t  a l .  (1984) l i s t  s e v e r a l   f a c t o r s ,  
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c, L.. .: 

('" 

i n c l u d i n g   t h e   c o n c e n t r a t i o n   o f   l i m e s t o n e ,   f a t ,   p r o t e i n a c e o u s  material 
h i g h   i n   b a s i c  amino a c i d s ,  a n d   c o r n   v a r i e t y ,   t h a t   a p p e a r   t o   a f f e c t   t h e  
a p p a r e n t   e f f e c t i v e n e s s   o f   o r g a n i c   a c i d s  as mold i n h i b i t o r s   i n   p o u l t r y  
f e e d s  . 
P r o p i o n i c   a c i d  is  a n a t u r a l l y   o c c u r r i n g  component  of  animal wastes, 
p a r t i c u l a r l y  wastes tha t   have   decomposed   anaerobica l ly .   Anaerobic  
microorganisms p r e s e n t  in   an imal   manure ,  human sewage and  sewage 
s ludqe ,   i ndus t r i a l1  wastewaters, s o i l s ,   e n s i l a g e  and t h e  rumens of 
ruminant   animals   produce as a m e t a b o l i c   e n d - p r o d u c t   c a r b o x y l i c   v o l a t i l e  
f a t t y   a c i d s ,   i n c l u d i n g  acetic,  p rop ion ic ,   bu tano ic ,  and h ighe r  
m o l e c u l a r   w e i g h t   f a t t y   a c i d s .   I n   a n a e r o b i c  wastes, t h i s   p r o d u c t i o n   o f  
a c i d s  by microorganisms is  r e f e r r e d   t o  as "ac idogenes is . "   Anaerobic  
h v d r o g e n i c   b a c t e r i a   u t i l i z e   p r o p i o n i c   a c i d  as a n   e n e r g y   s u b s t r a t e ,  
c o n v e r t i n g  i t  t o  acet ic  ac id .  Acetic a c i d  i s  t h e n   u t i l i z e d  by 
methanogenic   anaerobes as an   energy   subs t ra te ,   p roducing   methane  as a 
metabol ic   by-product   (Rol te  et. al. ,  1986) .   .Fa t ty   ac ids  are a l s o  
u t i l i z e d   u n d e r   o x i d a t i v e   ( a e r o b i c )   c o n d i t i o n s  by microorganisms  and 
h ighe r   an ima l s  as an   energy   source ,   thereby   comple t ing   the   recyc l ing   of  
carbonaceous   mat te r   f rom  metabol ic  wastes t o  components  of l i v i n g  
cel ls .  

Yasuhara e t  a l .  (1984)   found  propionic   ac id   p resent  i n  f r e s h   s w i n e  
f e c e s  and u r i n e  and r o t t e d   m i x t u r e s  a t  31.6,  0.43,  and  13.7 ppm, 
r e s p e c t i v e l y .  

While t h e   c o n c e n t r a t i o n   o f   p r o p i o n i c   a c i d   p r e s e n t   i n  wastes and  bedding 
f rom  pou l t ry   f ed   t r ea t ed   f eed   cou ld   no t  be found,  from  the  above it 
cou ld   be   conc luded   t ha t   any   amoun t   wou ld   no t   be   pa r t i cu la r ly   s e r ious  as 
an  environmental   impact   threat .  Some o f   t he   f ed   p rop ion ic   ac id  would 
be  expected  to   be  metabol ized by t h e   p o u l t r y   a n d   t h e i r   i n t e s t i n a l   f l o r a  
as an   energy   source ,  some o f   t h e   e x c r e t e d   p r o p i o n i c   a c i d  would  be 
e x p e c t e d   t o   v o l a t i l i z e   i n t o   t h e   p o u l t r y   h o u s e   a t m o s p h e r e   a l o n g   w i t h  
o t h e r  compounds such  as ammonia, a l a r g e   p o r t i o n  of any   excre ted  
p r o p i o n i c   a c i d  would  be  expected t o  be u t i l i z e d  by a e r o b i c  and 
a n a e r o b i c   b a c t e r i a   p r e s e n t   i n   t h e  l i t t e r .  Any r ema in ing   p rop ion ic   ac id  
would   be   expec ted   to   be   u t i l i zed   readi ly  a t  t h e  time the waste was 
i n c o r p o r a t e d   i n t o   a g r i c u l t u r a l   s o i l s  by t h e   m i c r o f l o r a   p r e s e n t .  

4 -  Fare o f   p r o p i o n i c   a c i d   i n   t h e   e n v i r o n m e n t .  

a. S o l u b i l i t y :   F r e e l y   s o l u b l e   i n  water (Kirk-Othmer,   1968) 

b. O c t a n o l / w a t e r   p a r t i t i o n   c o e f f i c i e n t :  log Kow = 0.33   (Gosse t t ,  e t  
a l . ,  1983) 

C.  D i s s o c i a t i o n   c o n s t a n t :  1.34 X loe5, pK = 4.87 a t  20°C (CRC, 1986) 

d. Adsorp t ion /deso rp t ion :  No s o r p t i o n   c o e f f i c i e n t   c o u l d   b e   f o u n d ,  
however,  based on i t s  a b i l i t y   t o   d i s s o c i a t e  a t  s o i l  pH l e v e l s ,  some 
s o r p t i o n   o f   t h e   d i s s o c i a t e d   f o r m   t o   c a t i o n s ,   s u c h  as calcium  and 
aluminum,  present i n  s o i l s  might   he  expected.  
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e. V o l a t i l i t y :   H o s h i k a   ( 1 9 8 1 )   d e t e c t e d   p r o p i o n i c   a c i d   i n   a m b i e n t  a i r  
near  accumulat:ed  poultry  manure  and  in  exhaust a i r  from a p o u l t r y  
manure   d rye r   a t   82   and   1 ,190   ppb ,   r e spec t ive ly .  The a i r  i n  a p i g  
pen w a s  found t o   h a v e  990  ppb propionic   ac id .   Whi le   p ropionic   ac id  
w a s  n o t   f o u n d   t o   b e   t h e   s o u r c e   o f   t h e   c h a r a c t e r i s t i c   m a l o d o r   i n  
manure, i t s  d e t e c t i o n  limit by  humans i s  low. Hoshika  (1981) c i tes  
the o d o r   r e c o g n i t i o n   t h r e s h o l d   f o r   p r o p i o n i c   a c i d   t o   b e  34 ppb. 
Guenzi  (1981) c i t e s  a much h i g h e r  odor threshold  of  20 ppm (v/v). 
The vapor  pressare of p r o p i o n i c   a c i d  is  r e p o r t e d  by Verschueren 
(1977) as 2.9 mm HE a t  20°C. 

f .  Biodegradation:  Guenzi  (1981)  experimented i n  l a b o r a t o r y   s y s t e m s  
wi th  c a t t l e  manure  under   var ious  redox  condi t ions,  i.e., c o n t r o l l e d  
presence  of  oxygen. It was f o u n d   t h a t   a n   i n i t i a l   p r o p i o n i c   a c i d  
concen t r a t ion   o f  400 mg/Kg of manure, when added t o  2 l i ters of 
water, was no l o n g e r   d e t e c t a b l e   w i t h i n  7 days   unde r   ae rob ic  
cond i t ions .   The   au tho r s   conc luded   t ha t   t he   p rop ion ic   ac id ,  
i n c l u d i n g   a n y   t h a t  was formed  under these c o n d i t i o n s ,  was 
metabol ized  by the   aerobic   microorganisms present. A s  t he   r edox  
p o t e n t i a l  was lowered,  i.e., oxygen was d e p l e t e d   i n   t h e   m i x t u r e ,  
ae rob ic   o rgan i sms   d i sappea red  and f a c u l t a t i v e  and o b l i g a t e  
anaerobes  becaime predominant  by  day 29 of t he   expe r imen t .  A t  t h a t  
time, p rop ion ic   ac id   r eappea red  i n  t h e  test system  and  cont inued  to  
i n c r e a s e .  On lday 45 of the   expe r imen t ,   t he   p rop ion ic   ac id  
c o n c e n t r a t i o n  was found t o  be 2.30 mg/Kg o f   t he   manure   t ha t  was 
o r i g i n a l l y  addled t o   t h e  tes t  f l a s k .  

Urano  and Kat0 (1986)  ranked 78 o r g a n i c  compounds, i n c l u d i n g  
p r o p i o n i c   a c i d ,  for b i o d e g r a d a b i l i t y  in a q u e o u s   s o l u t i o n s  
conta in ing   100  ppm of the  test compound. P r o p i o n i c   a c i d  was found 
to   b iodegrade   i n   100   hour s   unde r   t he  tes t  system  employed;  the same 
time found f o r   g l u c o s e .   P r o p i o n i c   a c i d  was ranked as r e a d i l y  
biodegradable;   beta-oxidat ion  and  the TCA ( K r e b s )   c y c l e  were 
i d e n t i f i e d  as the  probable   biodegradat ion  mechanisms  used  by  the 
microorganisms  present .  
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Apvendix C: Environmental   Assessment Data for   Benzoic   Acid 

1 . C h e m i c a l   f d e n t f t v  and v r o o e r t i e s .  

a 

a. Common names:  benzoic  acid  (The  Merck  Index,  1983) 
phenyl formic   ac id   (The  Mer& Index,  1983) 
d racyc l i c   ac id   (The   Fe rck   Index ,   1983)  

b.   Chemical  names:  benzenecarboxylic  acid  (The Merck Index,  1983) 

c. CAS r s g f s t r y  number: 65-85-0 (USAN, 1984) 

d .  S t ruc ture   (The   Nerck  Index, 1983): 

e. Empirical formula:  C7H602 (The  Merck  Index,  1983) 

f .   Y o l e c u l a r   w e i g h t :  122.12  (The  Msrck  Index,  1983) 

g. Mel t ing   po in t :  122.4OC (The  Merck  Index,  1983) 

h. S p e c i f i c   g r a v i t y :  1.27 (Verschueren,   1977)  

i. Vapor  densi ty:  4.21 ( r e l a t i v e   v a p o r   d e n s i t y - a i r )  
(Verschueren,   1977)  

j. Boiling p o i n t :  249.2"C a t  760 mm Hg (The Merck Index,   1983)  

k. Chemica l   r eac t iv i ty :   benzo ic   ac id   shows  few e x c e p t i o n a l  
c h e m i c a l   p r o p e r t i e s ;   n o r m a l   c a r b o x y l   g r o u p   r e a c t i o n s ,  
p r e d i c t a b l e   r i n g   s u b s t f t u t l o n s  (Williams, 1985). 

2 . I n t r o d u c t i o n   i n t o   t h e   e n v i r o n m e n t   t h r o u g h   m a n u f a c t u r i n g .  

The  Chemical   Market ing  Reporter  (1984) p rov ides  the following 
i n f o r v a t i o n   c o n c e r n i n g   t h e   p r o d u c t i o n  of benzoic  a d d  i n  t h e  
U n i t e d   S t a t e s :  

P roduce r s  C a p a c i t y   ( m f l l l o n s   l b s / y r )  
Kalama, Kalama WA 140 
P f i z e r ,  Terre Haute,  I N  
V e l s f c o l ,   C h a t t a n o o g a ,  TN 
T o t a l  

10 
60 
2 E  
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The  repot ted  demand f o r  1983 was 154 mill ion  pounds  and  for  1984,  165 
m i l l i o n  pounds  (Chemical  Marketing  Reporter,   1984).  A p r o j e c t e d  demand 
of   179  mil l ion  pounds i s  a l s o   r e p o r t e d   f o r  1988  (Chemical  Marketing 
Repor t e r ,   1984) .   H i s to r i ca l   g rowth   o f  the p r o d u c t i o n   f o r   t h e   y e a r s  
1974-1983 h a s  been. a minus 0.5% p e r   y e a r ;   f u t u r e   g r o w t h  i s  p r o j e c t e d  a t  
2% per   year   throuRh  1988  (Chemical   Market ing  Reporter ,   1984) .  

Renzoic   ac id  i s  manufac tu red   i n   t he  U.S. by l i qu id -phase   ox ida t ion   o f  
to luene   employing   cobal t   ca ta lys t s   (Wi l l iams ,   1985) .   Under   cur ren t  
a i r e m i s s i o n   s t a n d a r d s  i t  i s  l i k e l y   t h a t  most  manufacturers are us ing  
a d s o r p t i o n  on ac t i . va t ed   ca rbon   t o  t reat  ven t  gases ( W i l l i a m ,   1 9 8 5 ) .  

Conversion of b e n z o i c   a c i d   i n t o   p l a s t i c i z e r s   a n d   b e n z o y l   c h l o r i d e  
consume  most   of   the   benzoic   acid  produced,   a l though  the  product ion  of  
sodium  benzoate   cont inues  to   be a major  market f o r  benzo ic   ac id   because  
i t  is  such   an   impor t an t   p re se rva t ive   i n   food   p roduc t s   (Wi l l i ams ,   1985) .  
Benzoic   acid  and i t s  sa l t s  and esters are u s e d   i n   m e d i c i n a l s ,  
ve t e r ina ry   med ic ines ,   food  and i n d u s t r i a l   p r e s e r v a t i v e s ,   c o s m e t i c s ,  
r e s i n   p r e p a r a t i o n s ,   p l a s t i c i z e r s ,   d y e s t u f f s ,   s y n t h e t i c   f i b e r s ,   a n d  
intermediates   (Wil l iams,   1985) .   Sodium  benzoate   has   been  used  for  
c o r r o s i o n   i n h i b i t i c o n   a n d   t o   i m p r o v e   t h e   p r o p e r t i e s   o f   v a r i o u s   a l k y d  
r e s i n   c o a t i n g   f o r m u l a t i o n s   t o   i m p r o v e  g loss ,  adhesion,   hardness ,   and 
chemica l   res i s tanc le .   Pr imary   uses   o f   benzoic   ac id   p roduct ion   repor ted  
i n  the   Chemica l   Marke t ing   Repor te r   (1984)  are 54% fo r   pheno l ,  18 
pe rcen t  f o r  p l a s t i c i z e r s ,   1 3 %   f o r   b e n z o y l   c h l o r i d e ,  8% f o r  sodium 
benzoate  and 7% f o r   o t h e r  uses. 

I n  one   moni tor ing   s tudy ,   Gosse t t  e t  a l .  ( 1 9 8 3 )   i d e n t i f i e d  101 o r g a n i c  
compounds i n  Los Angeles County wastewater t r e a t m e n t   e f f l u e n t s  
c o l l e c t e d   q u a r t e r l y   f r o m  November 1980-August 1981.   Concentrat ions of 
i d e n t i f i e d  compounds  ranged  from 0.003 t o  2,500  ug/ l .   Eleven compounds 
were p r e s e n t  a t  greater  than  100 u g / l   i n c l u d i n g   b e n z o i c   a c i d   w h i c h  w a s  
p r e s e n t  a t  400 u g / l   ( G o s s e t t  et a l . ,  1983).   The  source  of  the  benzoic 
a c i d  i n  t h e  waste e f f l u e n t  was n o t   i d e n t i f i e d .  

I n  50 a i r  samples  .from a n   i n d u s t r i a l   e n v i r o n m e n t   t a k e n   o v e r  a one   year  
p e r i o d   y i e l d e d   r e s u l t s   r a n g i n g   f r o m  none d e t e c t e d   t o  0.30 ppm benzoic  
ac id   (Halvorson ,  1 !)84). 

No d e t a i l s   c o u l d  be  found on the  amounts  and  types  of wastes t h a t   m i g h t  
e n t e r   t h e   e n v i r o n m e n t  as a consequence  of   the  product ion  of   benzoic  
a c i d   f o r   u s e  as a mold i n h i b i t o r   i n   p o u l t r y   f e e d .  

3. N a t u r a l   i n t r o d u c t i o n   i n t o   t h e   e n v i r o n m e n t .  

Renzo ic   ac id  i s  w i d e l y   d i s t r i b u t e d   i n   n a t u r e   i n   f r e e  and  combined  forms 
(The  Merck  Index,  1983;  Verschueren,  1977; Williams, 1985) .   Benzoic  
a c i d  is p r e s e n t   i n  a v a r i e t y  of plants   (Altman  and Dittmer, 1973) .  Gum 
benzo in   ( f rom  s ty rax   benzo in )  may c o n t a i n  as much as 20% b e n z o i c   a c i d  
(The  Merck  Index,  1983; Williams, 1985) .   Aca ro id   r e s in   ( f rom 
X a n t h o r r h o c a   h a s i l i s )   c o n t a i n s  4.5-7% benzo ic   ac id   (Wi l l i ams ,   1985) .  
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Benzoic   ac id  is p r e s e n t   i n   n a t u r a l   f o o d s ,   p a r t i c u l a r l y   f r u i t s   a n d  
be r r i e s   (P r inc ip l e s , ,   1978) .   Benzo ic   ac id  is a l so   p roduced  by a number 
of  arthropod  species;  (Altman  and Dittmer, 1973).  Smaller  amounts of 
f r e e   a c i d  are found i n   n a t u r a l   p r o d u c t s  of d i v e r s e  character, e.g., 
s cen t   g l ands   o f   beave r ,   ba rk   o f   w i ld   b l ackche r ry  tree, c r a n b e r r i e s ,  
p r u n e s ,   r i p e   c l o v e   a n d   o i l  of an i se   s eeds   (Ver schue ren ,  1977;  Williams, 
1985). It i s  a l s o  a n a t u r a l   e x c r e t i o n   p r o d u c t   o f   v e r t e b r a t e s   i n c l u d i n g  
man,  who normally ex:cretes 0.7 g benzo ic   ac id   pe r   day   (Br idges  e t  al.,  
1970 ;   P r inc ip l e s ,   1978) .   In  a r e c e n t   s t u d y  of t h e   b i o t r a n s f o r m a t i o n  of 
benzo ic   ac id   i n  man ( S i o u f i  and  Pommier,  1982) c o n t r o l s   e x c r e t e d  2.16 
;ng cjf free benzoic   ac id   and  470.7 mg s f   t o t a l   b c n z c i c   a c i d  p e r  day. 
Huckle e t  al. ( 1 9 8 1 )   r e p o r t   t h a t   b e n z o i c   a c i d  showed l i t t l e  me tabo l i c  
v a r i a t i o n  among t h e   n i n e  mammalian s p e c i e s   t e s t e d  and t h a t   u r i n e  i s  t h e  
p r imary   rou te   o f   exc re t ion .  

I n  man, b e n z o i c   a c i d   f a c i l i t a t e s   t h e   m e t a b o l i c   f o r m a t i o n   o f   h i p p u r i c  
a c i d   ( F i g u r e   1 )   t h r o u g h   t h e   a c t i v a t i o n  of GOA and r e a c t i o n   w i t h   g l y c i n e  
(P r inc ip l e s ,   1978) .   In   b i rds ,   benzo ic   ac id  is  a c t i v a t e d   s i m i l a r l y   b u t  
t hen  reacts wi th  amino   groups   o f   o r th ine   to  form o r n i t h u r i c   a c i d  
( F i g u r e  2; P r inc ip l e s ,   1978) .   Br idges  e t  a l .  ( 1 9 7 0 )   i n   s t u d y i n g   t h e  
fa te  of ora l ly   admin i s t e red   benzo ic   ac id  i n  var ious   spec ies   found a l l  
o f   t h e  species examined  excreted  benzoic   acid  mainly as i t s  con juga te ,  
s u g g e s t i n g   t h a t   t h e  compound i s  n o t   d e s t r o y e d   i n   t h e s e  animals. They 
r e p o r t   t h a t  5 female   Sussex   ch ickens   excre ted  562  o f   a n   o r a l l y  
admin i s t e red   dose   o f   benzo ic   ac id   w i th in  24 hours   and   t ha t  the 
m e t a b o l i t e s   e x c r e t e d   c o n s i s t e d  of 54% o r n i t h u r i c   a c i d ,  22% benzoic  
a c i d ,  21% h i p p u r i c   a c i d ,  and 3% benzoyl   g lucuronide   (Br idges  e t  a l . ,  
1970).  

Figure 1. S t r u c t u r e  of h i p p u r i c   a c i d   ( P r i n c f p l e s ,   1 9 7 8 ) .  

Figure 2. Structure of o r n i t h u r i c  acid (Principles ,  1978). 

Senzoic a c i d   h a s  a l s o  been found Ln soil humic naterial (Sato et al., 
1985) and Ln runoff  from  decomposing crop r e s i d u e s  (Glenn and Williams, 
1985). 
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4. In t roducf ion   of   benzoic   ac id   th rough  use   in   poul t ry   feed .  

The re  i s  no i n f o r m a t i o n   a v a i l a b l e   c o n c e r n i n g   t h e   p r o p o r t i o n   o f   t h e  
to t a l   p roduc t ion   o f   benzo ic   ac id   wh ich  may be  used i n   p o u l t r y   f e e d .  
FDA r e g u l a t i o n s   ( 2 1  CFR 582 .3021)   p rov ide   fo r   t he  CXAS use  of   benzoic  
a c i d  a t  a l e v e l   n o t   t o   e x c e e d  0.1 pe rcen t .   The re fo re ,   each  ton of 
pou l t ry   f eed   cou ld   con ta in  as much as 2 pounds of benzoic  acid.   Based 
on in fo rma t ion   p rov ided   i n   t he   env i ronmen ta l   a s ses smen t   fo r   gen t i an  
v i o l e t ,  up to 8.4 m i l l i o n   t o m   o f   p o u l t r y   f e e d   c o u l d  be t r e a t e d   w i t h  a 
rep lacement   p roduct .   Therefore ,  a m a x i m u m  of  16.8 mil l ion  pounds  of  
benzo ic   ac id   cou ld  be  used as a r e p l a c e m e n t   f o r   g e n t i a n   v i o l e t  as a 
mold i n h i b i t o r .   T h i s  amount   of   benzoic   acid  represents  on ly  8X o f   t h e  
t o t a l   b e n z o i c   a c i d   p r o d u c t i o n   i n   t h e  U . S .  (Chemical  Marketing 
Repor te r ,   1984) .  

5. F a t e  of benzoic   ac . id   in   the  environment .  

a. S o l u b i l i t y :  T h e  s o l u b i l i t y  of b e n z o i c   a c i d   i n c r e a s e s   w i t h  
bo th   t empera tu re   and   a lka l in i ty   (The  Merck Index,   1983) .  The 
e f f e c t   o f   t e m p e r a t u r e  i s  d i s p l a y e d   i n   T a b l e  1. 

b. O c t a n o l / w a t e r   p a r t i t i o n   c o e f f i c i e n t :   l o g  K O ~  = 2.03 (Gosse t t  e t  
a l . ,  1983). 

C. D i s s o c i a t i o n   c o n s t a n t :  The pKa o f   benzo ic   ac id  i s  r e p o r t e d  
t o  be 4.2 (Pr inc ip les ,   19781,   a l though  Rubino   and   Ber ryhi l l   (1986)  
r e p o r t e d   t h a t   t h e  pKa increases   be tween 'a range   of  4.17-5.66 
depending   upon  the   vo lume  f rac t ion   of   the   cosolvent -water   mix ture .  
The  Merck  Index  (1983)   reports   that  a s t a n d a r d   s o l u t i o n   o f   b e n z o i c  
a c i d   h a s  a pH of  2.8 a t  28OC. 

d .   Adsorp t ion /deso rp t ion :  The a d s o r p t i o n   o f   b e n z o i c   a c i d  on s i x  of 
t e n   s o i l s   t e s t e d  by Lokke  (1984) are p r o v i d e d   i n   T a b l e  2. 

c 
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Table  2. Soil1 c h a r a c t e r i s t i c s  a n d   F r e u n d l i c h   a d s o r p t i o n   c o n s t a n t s  
(Ka:) and Koc f o r   b e n z o i c   a c i d  a t  6 ° C  (Lokke,  1984). 

Variance  of  th .e  Ka was s i g n i f i c a n t l y   c o r r e l a t e d   w i t h   s o i l   o r g a n i c  
c a r b o n   ( P < 0 . 0 0 6 ) ,   w h i l e   o t h e r   f a c t o r s   t e s t e d  (pH, CEC and 
t empera tu re )  were no t   s ign i f i can t   (Lokke ,   1984) .  Of p a r t i c u l a r  
i n t e r e s t  is  t h a t   o f   t h e  i n i t i a l  b e n z o i c   a c i d   c o n c e n t r a t i o n  of 
10 mg/l, t h e r e  were no i r r e v e r s i b l y  bound  amounts  of  benzoic  acid 
found ((1% o f   i n i t i a l  amount)  (Lokke,  1984). 

e. Biodegrada t ion:   Cons iderable   in format ion  is  a v a i l a b l e   c o n c e r n i n g  
t h e   b i o d e g r a d a t i o n  of benzoic  acid  (Verschueren,  1977;  DiGeronimo 

' e t  a l . ,  1979;  Urano  and  Kato,  1986;  Shelton  and  Tiedje,  1984; 
Bane r j ee  e t  al.,  1984 ;   F re i t ag  e t  al . ,  1985).  DiGeronimo e t  a l .  
( 1 9 7 9 )   r e p o r t e d   t h a t  of 100 u g / m l   b e n z o i c   a c i d   i n c o r p o r a t e d   i n t o   a n  
a c t i v a t e d   s l u d g e   s y s t e m ,  100% of t h e  compound degraded   in  less than  
2 days .   Verschueren   (1977)   repor ted  a t h e o r e t i c a l   o x y g e n  demand 
f o r   b e n z o i c   a c i d  of 1.96  and 5, 10 and 20 day BODS ( b i o l o g i c a l  
oxygen  demands)  of  1.34,  1.40  and  1.45 by s t a n d a r d   d i l u t i o n  
t echn ique   w i th  sewage seed material. Urano  and  Kato  (1986)  ranked 
b e n z o i c   a c i d  as degradab le  as s u g a r s ,   a l i p h a t i c  compounds,  amino 
a c i d s ,   c a r b o x y l i c   a c i d s ,  and l i n e a r   a l c o h o l s  and  aldehydes  using  an 
e l e c t r o n i c   r e s p i r o m e t e r   t e c h n i q u e   t o   d e t e r m i n e   r e l a t i v e  
b i o d e g r a d a b i l i t y .   I n  a p r e l i m i n a r y   s t u d y ,   S h e l t o n  and T i e d j e  
(1984)   de t e rmined   t ha t   benzo ic   ac id  was m i n e r a l i z e d   t o  greater t h a n  
75% of t h e o r e t i c a l   m e t h a n e   p r o d u c t i o n   i n  8 weeks  under  anaerobic 
c o n d i t i o n s   i n  10% secondarv   s ludge .   Baner jee  e t  a l .  (1984)   s tud ied  
pure  and  mixed  cul tures  of microorganisms  and   na tura l  waters from 
v a r i o u s  sources and   found  tha t   benzoic   ac id  was n o t   o n l y   r a p i d l y  
degraded i n  a l l  s a m p l e s   t e s t e d ,   b u t   t h a t  i t  a c t e d  as a s o l e  
nu t r i en t   sou rce   suppor t ing   t he   g rowth   o f   mic rob io l   o rgan i sms .   In  
one   sample   benzoic   ac id  was one  of   only two  compounds degraded 

. (Bane r j ee  e t  a l . ,  1 9 8 4 ) .   F r e i t a g  e t  a l .  (1985)   r epor t   t ha t   65 .4% 
o f   a p p l i e d   b e n z o i c   a c i d  was degraded   by   ac t iva t ed   s ludge .  

Benzo ic   ac id  is a l s o   n o t e d   t o   b e   u t i l i z e d  by p lan ts   (Carew  and  
Bainhr idge ,   19 '76) .   T issue   cu l tures   o f   Catharanthus   roseus ,  
Apocynum cannabinum,  and Conium maculatum  grown in medium 



-6 - 

withga  concent : ra t ion  of  12.5 mg benzo ic   ac id   pe r  50 m l  of medium 
caused a 4- and   7 -hydroxy la t ion   o f   benzo ic   ac id   t o  4-OH benzoic  
a c i d   a f t e r  1 clay o f   i n c u b a t i o n   f o l l o w i n g   s u b s t r a t e   a d d i t i o n   ( C a r e w  
and  Bainbridgc!,  1976). 

f .   P h o t o d e g r a d a t i o n :   B e n z o i c   a c i d   a p p e a r s   t o   b e   o n l y   s l i g h t l y  
. suscep t ib l e   t o   pho todegrada t ion   based .   on  a s t u d y   r e p o r t e d  by 
F r e i t a g  e t  a l .  (1985)   i n   wh ich   on ly  10.2% of   the   benzoic   ac id   used  
i n   t h e  tes t  w a s  d e g r a d e d   i n   l i g h t   w i t h   w a v e l e n g t h s   g r e a t e r   t h a n  
290 nm. 

h.   Bioaccumula t ion :   Fre i tag  e t  a l .  ( 1 9 8 5 )   u t i l i z i n g   1 4 C - l a b e l l e d  
o r g a n i c  compounds de te rmined   the   b ioaccumula t ion   fac tors  (BF) f o r  
benzoic   ac id   and   o ther   chemica ls  i n  s l u d g e ,   a l g a e ,   a n d   f i s h ,   a n d  
r e t e n t i o n   i n   r a t s .  They  report  BFs fo r   benzo ic   ac id   o f   1 ,300   fo r  
a c t i v a t e d   s l u d g e ,  <10 f o r   a l g a e   ( C h o r e l l a   f u s c a ) ,  and <10 f o r   f i s h  
(go lden   i de ) .  Rats r e t a i n e d   o n l y  0.1% o f   t h e   a p p l i e d   d o s e   ( F r e i t a g  
e t  al., 1985) .   S imi la r ly ,   Geyer  e t  a i .  (1984)   r epor t ed  a BF i n  
C h o r e l l a   f u s c a   o f   t h r e e .  -. 

6. E f f e c t s   o f   b e n z o i c   a c i d   i n   t h e   e n v i r o n m e n t .  

A cons iderable   amount   o f   in format ion  on t h e   e f f e c t s   o f   b e n z o i c   a c i d   o n  
environmental   organisms i s  a v a i l a b l e .  Some o f   t h e   d a t a   r e v i e w e d   f o r  
t h i s   a s ses smen t   i nc lude :  Chou and Patrick,   1986;  Eklund,  1985; 
Hartenstein,   1982;   and  Schafer  and  Bowles,  1985. Of r e l e v a n c e  is  t h a t  
G o s s e t t  e t  a l .  (1983)   r epor t   t ha t   benzo ic   ac id  is not  on  EPA's P r i o r i t y  
P o l l u t a n t  l i s t  of  1977,  even  though i t  is r e l a t i v e l y   p r e v a l e n t   i n   t h e  
envi ronment .   Addi t iona l ly ,   Hal fon  e t  a l .  (1986)   i n  a formal   approach 
to   r ank   chemica l s  €or e n v i r o n m e n t a l   h a z a r d   a c c o r d i n g   t o   r e l e v a n t   f a t e  
and e f f e c t s  data ranked  benzoic   acid as one   o f   t he  9 least  hazardous 
chemica l s   ou t   o f  t l h e  34 chemica l s   eva lua ted .  The f o l l o w i n g   a r e  some of 
t h e   q u a n t i f i a b l e   b i o l o g i c a l   e f f e c t s  of benzoic   ac id :  

I n h i b i t i o n   o f  c e l l  mul t ip l i ca t ion   (Ver schue ren ,   1977)  
Pseudomonas  pu.tida  480  mg/l 
M i c r o c y s t i s   a e r o g i n o s a   ( a l g a e )   5 5  mg/1 

MICs  (minimum i n h i ' b i t o r y   c o n c e n t r a t i o n ;  mmol/l) f o r   u n d i s s o c i a t e d   a n d  
d i s s o c i a t e d  benzoic: acid  (Eklund,   1985) .  

o rganism  undiss .   d i ss .  

- B. s u b t i l i s  0.8 
ATCC 6633 

- B. s u b t i l i s  
W 23 

0.6 

B. c e r e u s  
E. c o l i  1.2 
- P s .  aeruginosa   9 .5  

- 0.5 
- -  

- S .  aureus- 
- C.  a l b i c a n s  

2.2 
0.8 

200 

180 

120 
90 
140 
190 
90 
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TLm (Median  tolerance limit = LC501 fo r   mosqu i to   f i sh   (Ver schue ren ,  
1977): 

24 hour  = 240  mg/1 
48  hour = 255 mg/l 
96 hour = 180 mg/l 

Rat a c u t e   o r a l  LO50 1.7 g/kg  (Verschueren,   1977)  

In   ear thworms,   benzoic   ac id  was r epor t ed   t o   he   r e l a t ive ly   i nnocuous   and  
h a d   s i g n i f i c a n t   e f f e c t s   o n   g r o w t h   o n l y  a t  t h e   h i g h e s t   c o n c e n t r a t i o n  
t e s t e d  (1 g/g media) .   Benzoic   acid had no s i g n i f i c a n t   e f f e c t s   o n  
ea r thworm  mor t a l i t y   (Har t ens t e in ,  1982 1. 

Renzoic   acid i s  known t o   h e  a s k i n ,   e y e ,  and  mucous  membrane i r r i t a n t  
(The  Merck  Index,  1983). It is  also a n   u p p e r   r e s p i r a t o r y   i r r i t a n t  
(Halvorson,   1984) .  NIOSH ( 1 9 8 2 )   i n d i c a t e s   t h a t   b e n z o i c   a c i d  is o n l y  a 
m o d e r a t e   s k i n   i r r i t a n t   w i t h  a 6-hour i n t e r m i t t e n t   i r r i t a n t   d o s e   o f  
22 mg. Eye i r r i t a t i o n  in r a b b i t s  i s  r epor t ed  as s e v e r e  a t  a dose  of 
100 mg (NIOSH, 1982).  No Threshold  L i m i t  Value (TLV) has  been 
e s t a b l i s h e d   f o r   b e n z o i c   a c i d   ( H a l v o r s o n ,   1 9 8 4 ) .  However,  Halvorson 
( 1 9 8 4 )   n o t e s   t h a t   b e n z o i c   a c i d ' s   p o t e n t i a l   a d v e r s e   o c c u p a t i o n a l   e f f e c t s  
are noted on t h e  Material S a f e t y  Data S h e e t s   f o r   b e n z o i c   a c i d  and t h a t  
t h e   u s e   o f   a p p r o p r i a t e   o c c u p a t i o n a l   s a f e g u a r d s  t o  p reven t   t hese   adve r se  
e f f e c t s   c o u l d  be   expec ted   to  be i n   u s e  a t  the   manufac tu r ing  f ac i l i t i e s .  
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